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ABSTRACT 
The relationship between adult P. laevis and its host 
was studied in terms of local and whole-body effects of 
infection. The study was confined to a naturally-infected 
population of the stone loach, Noemacheilus barbatulus L., 
from the river Severn and to experimentally-infected 
rainbow trout, Salmo gairdneri Richardson, maintained in 
the laboratory. 
The praesomal and metasomal integuments of P. laevis 
possessed surface layers that differed both structurally 
and chemically. Antigenic sites occurred throughout the 
integument and in some other tissues, suggesting that the 
antigens were excretory/s~cretory products. 
Incidence of infection and worm burden increased with the 
age of the stone loach; within the stone loach population, 
the parasites were overdispersed. In both hosts, the 
intestine posterior to the bile duct junction was the 
primary site of occurrence of P. laevis. The praesoma 
penetrated the gut wall and was invested by vascularised, 
collagenous inflammation tissue. The metasoma occupied 
the intestinal lumen abrading and compressing the mucosal 
epithelium. Heterophil granulocytes and fibroblasts char-
acterised the inflammatory response of the stone loach; 
neutrophils, eosinophilic granular cells and plasma cells 
were common in the trout. Neither host's 'inflammatory 
response seemed capable of rejecting P. laevis. 
Assessment of the nutritional status of infected hosts 
revealed a negative correlation between parasite burden and 
muscle protein concentration for spawning 2+ stone loach. 
Experimentally-infected trout may show a reduction in 
growth rate, particularly when subject to environmental 
stress. 
Although P. laevis can induce deleterious changes in an 
individual host, its overdispersed distribution in stone 
loach from the river Severn renders it unlikely that this 
parasite is a major pathogen of this population. 
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GENERAL INTRODUCTION 
Pomphorhynchus laevis (Ntlller) is a member of the 
phylum Acanthocephala, of order Palaeacanthocephala and 
family Pomphorhynchidae (Meyer, 1933; Chubb, 1982). 
Adults occur in freshwater fish throughout England, Wales 
and Ireland (Kennedy, 1974). The adult worm is divided 
into two main regions, the body (metasoma) and the 
attachment organ (praesoma). 
The praesoma consists of a long neck, expanded 
anteriorly to form the bulb, and terminating in a hooked 
proboscis (Meyer, 1933; Chubb, 1967), and forming the 
organ for attachment to the gut wall of the host. Muscles 
involved in eversion and movement of the proboscis are 
contained within the praesoma, together with the cerebral 
ganglion (Jones, 1982). 
The metasomal wall is very thick and is probably 
used for absorption of nutrients (Crompton, 1970). 
Within the body cavity of the metasoma are the gonads'and 
associated organs (Figure 1A and 1B). 
P. laevis, like other Acanthocephala, is dioecious. 
Female worms have a variable number of ovarian balls, 
contained within a ligament sac. A sorting mechanism, 
the uterine bell, ensures that only mature eggs (shelled 
acanthors) are passed into the uterus (Whitfield, 1968, 
1970) and thence,into the host's intestine. The male 
possesses two testes, sex cement glands, Saefftigen's pouch 
and a muscular copulatory bursa (Chubb, 1965) (Figure 1B). 
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Figure 1 
A Genitalia contained within the metasoma of a 
female P. laevis. 
B Genitalia contained within the metasoma of a 
male P. laevis. 
C The life cycle of P. laevis. 
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~fuen an acanthor is eaten by the intermediate host, 
Gammarus pulex, a larva hatches and penetrates the gut 
wall, entering the haemocoel. The larva develops into an 
acanthella, which grows within the haemocoel of G. pulex, 
forming a cystacanth (Rumpus, 1973) (Figure 1C). The 
cystacanth stage is capable of infecting almost.any species 
of fish that consumes the intermediate host (Kennedy et aI, 
1978). 
Upon ingestion by a fish, the proboscis of the cysta-
canth is everted and attaches the worm to the gut wall of 
the intestine. The bulb develops once the proboscis has 
penetrated the wall and serves as a secondary attachment 
organ; normally the worm can only be removed by breaking 
the neck region of the praesoma. 
Although P. laevis can be found in many species of 
freshwater fish,. only a few of which are regarded as 
! 
suitable hosts (Hine and Kennedy, 1974a, 1974b; Rumpus, 
1975; Kennedy et aI, 1978). Using the criterion of the 
presence of gravid females of P. laevis, the preferred 
hosts in the river Avon, Hampshire, are the chub, 
Leuciscus cephalus, and the barbel, Barbus barbus, whereas 
in Ireland it is the brown trout, Salmo trutta. Some 
other salmonids have also been suggested as suitable hosts 
(Kane, 1966; Pippy, 1969; Hine and Kennedy, 1974b; 
Kennedy et aI, 1978). 
Considerable damage may be done to the gut mucosa by 
the presence of P. laevis in the fish, particularly in 
multiple infections (Pippy, 1969; Hine and Kennedy, 1974b) 
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and occlusion of the gut by the bodies of the acantho-
cephalans may occur (Pippy, 1969). The praesoma often 
penetrates the entire gut wall, the bulb being visible on 
the external surface of the gut. An inflammatory response 
normally forms around the praesoma and a nodule of con-
nective tissue may develop around the exposed proboscis 
and bulb (Marochino, 1926; Wurmbach, 1937; Pippy, 1969; 
Hine and Kennedy, 1974b). 
Emaciated chub containing several hundreds of P. laevis 
have been reported from the river Mosel, Germany (Wurmbach, 
1937) and the river Avon, Hampshire (Chubb, 1965). 
However, no deleterious effects on the condition of 
infected fish have been demonstrated to be caused by 
P. laevis and its status as a.pathogen is unclear (Hine and 
Kennedy, 1974b). 
The aim of the present study was to examine the 
relationship between adult P. laevis and its fish hosts 
in terms of the local and whole body effects of infection 
on the host. To this end, host-parasite relations were 
studied in both natural and laboratory infections. 
The rainbow trout, Salmo gairdneri Richardson, was 
chosen as the laboratory host for P. laevis owing to its 
suitability as a host when naturally infected (Kennedy 
et aI, 1978). Additionally, rainbow trout may be readily 
,obtained from commercial hatcheries in groups of similar 
age and size. The stone loach, Noemacheilus barbatulus L., 
was selected as the host for the study of natural infections 
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. . 
because of the ready availability of these fish and their 
~igh incidence of infection in the river Severn, near 
Shrewsbury. 
The study begins with an examination of the histology 
and histochemical properties of the parasites' integument, 
since this is the region of the'parasite in direct contact 
with the host. Immunological techniques were used in an 
attempt to identify the potential antigenic sites of 
the acanthocephalan. The distribution of the parasites 
in the host's alimentary canal was studied to assess which 
regions "..,ere most sui table for the growth and development 
of the parasite. Changes in gut morphology and histology 
caused by P. laevis were described and an assessment was 
made of the efficacy of the host's inflammatory response 
in eliminating the infection. Finally, the effect of P. 
laevis on the growth and condition of its host were 
examined. 
=vidence obtained from the study is the subject of a 
discussion in which tne status of P. laevis as a pathogen 
in stone loach and rainbow trout is assessed • 
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CHAPTER ONE 
THE INTEGUMENT OF Pomphorhynchus laevis, 
WITH PARTICULAR REFERENCE TO THE 
PRAESOMAL INTEGUMENT 
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INTRODUCTION 
The metasomal integument of acanthocephala is con-
cerned with nutrient absorption (Crompton, 1970). 
Histological and histochemical studies have been made 
on the integument structure of P. laevis (Stranack et al, 
1966; Marshall, 1977), P. bulboccoli (Bullock, 1949a, 
1949b, 1958), Echinorhynchus coregoni (Bullock, 1949a, 
1949b), E. gadi (Lange, 1970; Cho, 1982), Acanthocephalus 
ranae (Hammond, 1967, 1968a), POlymorphus minutus 
(Crompton, 1963, 1965; Crompton and Lee, 1965), Pallisentis 
ophiocephali (Mohsin and Farooqi, 1979) and Moniliformis 
dubius (Nicholas and Mercer, 1965; Edmonds and Dixon, 
1966; Wright and Lumsden, 1968, 1969; Rothman, 1967; 
Rothman and Elder, 1970; Byram and Fisher, 1973). These 
studies have demonstrated that the metasomal integument 
is a syncitium with the following features: 
1. A non-cellular, fibrous surface layer; 
2. A striped layer, bounded externally by a plasma 
membrane. The layer gets its name from the numerous canals 
which penetrate an electron-dense cytoskeleton, and open 
onto the surface of the integument as pores; 
3. An underlying felt layer, which contains con-
spicuous fibres; 
4. Below this is the radial layer, which is lacking 
in fibres and contains lacunae, which are fluid-filled 
channels that probably function as a transport system. 
The radial layer is bounded by a basement membrane, below 
which is connective tissue linking the muscularis to the 
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integument. 
However, Stranack et al (1966) did not demonstrate an 
integumental surface layer on the metasoma of P. laevis. 
Marshall (1977), working on the cystacanths of P. laevis, 
did find such a layer and thought it likely that it also 
existed in the adult worm. Therefore, one aspect of the 
work presented here was to determine whether an integumental 
surface layer occurred on the metasoma of P. laevis and, 
if so, to examine its chemical nature. 
Less is known about the structure of the praesomal 
integument of Acanthocephala, as most work that has been 
done was incidental to studies on the metasomal integument. 
Marshall (1977) examined the praesomal integument of cysta-
canths of P. laevis. Bullock (1949a, 1949b, 1958) des-
cribed the histochemical properties of the praesomal 
integuments of P. bulboccoli and E. coregoni. Crompton 
(1963, 1965) described those of P. minutus, while the 
morphology of the praesoma of Corynosoma hamanni is des-
cribed by Nickol and Holloway (1968). Ultrastructural 
studies have also been made on the praesomal integuments 
. 
of A. ranae (Hammond, 1967) and P. minutus (Crompton and 
Lee, 1965). 
It is the praesoma of P. laevis that is in the most 
intimate contact with the fish host and a knowledge of its 
structure and functioning is fundamental to an examination 
of the relationship between host and paraSite. Consequently 
a histochemical and ultrastructural investigation on the 
praesomal integument and related structures was undertaken. 
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It is known that ooth naturally and artificially 
infected chub, Leuciscus cephalus, produce antibodies 
specific to sexually mature P. laevis (!{arris, 1970, 1972). 
Since the integument of the '.'lorm" is in direct contact 
with host tissues, it serves as a potential source of 
antigenic stimulation to the host's immune system. 
Accordingly, it was decided to investigate the presence 
of potential antigenic sites on the integument of P. laevis. 
The investigation was carried out using artificially 
infected rainbow trout as the source of parasites and 
antibody, it oeing well established (Post, 1966; ~orson, 
1972; Ingram, 1978) that salmonids are capable of pro-
ducing antibodies specific to a variety of agents. 
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CHAPTER ONE 
SECTION A : STRUCTURE AND COMPOSITION 
.. 
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HATERIALS AND METHODS 
LIGHT MICROSCOPY 
Specimens of adult P. laevis were obtained from 
naturally-infected stone loach from the river Severn at 
Shrawardine, NGR SJ/396153, and also from experimentally 
infected rainbow trout, reared in the laboratory in con-
tinually circulating water at 120 C and fed Omega trout 
food (Edward Baker Ltd) ad lib. The fish were killed by 
a blow on the head, the gut removed and the worms fixed 
in situ. For histological and histochemical preparations 
the fixatives employed were either Bouins, formol saline, 
acetone or phosphate-buffered formalin (Bucke, 1972). 
The tissues were dehydrated through an ethanolic series, 
cleared in cedarwood oil, xylol or benzene and embedded 
in Paraplast (BDH Chemicals Ltd, Poole, Dorset) at 560 C. 
Sections were cut at 5 - 8pm on a MSE rotary microtome. 
Sections were stained using the following techniques: 
1. General stains: 
(i) Ehrlichs haematoxylin and eosin (Culling, 1963) 
(ii) Masson's trichrome (Culling, 1963) 
(iii) Mallory's trichrome (MTS) Crooke-Russell 
modification (Culling, 1963) 
(iv) Verhoeffs haematoxylin and picrofuchsin 
(Smith and Bruton, 1977) 
2. Carbohydrates: 
(i) Alcian blue/aldehyde fuchsin (Culling, 1963) 
(ii) Alcian blue (Chayen et aI, 1973) 
(iii) Periodic acid Schiff (PAS (Smith and Bruton, 1977) 
17 
(iv) Best's carmine (Smith and Bruton, 1977) 
(v) Himes and Moriber's triple stain (Himes and 
Moriber, 1956) 
3. Enzymes 
(i) Alkaline phosphatase (azo-coupling technique) 
(Culling, 1963) 
(ii) Acid phosphatase (azo-coupling technique) 
(Culling, 1963) 
(iii) Esterase (azo-coupling technique) (Culling, 1963). 
Salivary amylase was used in the preparation of 
control slides for the PAS and Best's carmine techniques~ 
Control slides were prepared for the enzyme techniques 
by omitting the substrate. 
ELECTRON MICROSCOPY 
INhole P. laevis, split to facilitate entry of solution, 
together with praesomae of P. laevis were fixed in 5% 
glutaraldehyde in 0.1 M sodium cacodylate and 0.25 M 
sucrose (pH7.2). Tissues were fixed for one to two hours 
and washed in two changes of 0.1 M sodium cacodylate and 
0.25 M sucrose for fifteen minutes per change. The tissues 
were then post-fixed for one hour in 2% osmium tetroxide 
in 0.1 M sodium cacodylate, dehydrated in an ethanolic 
series, cleared in 1,2-epoxypropane and embedded in Spurr's 
resin C (Spurr, 1969). Silver-gold sections were cut 
using glass knives (made on. a LKB 7801A knifemaker) on a 
LKB 4804A Ultratome, placed on formvarcoated grids and 
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stained with uranyl acetate and lead citrate (Reynolds, 
1963). ~he sections were examined using an AEI 6G 
transmission electron microscope (TEH) at 80 kv. 
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RESULTS 
Eetasomal integument 
In TE~ section, P. laevis possessed a very thin 
(approximately 0.06 ).1) surface layer (rv:SL) on its meta-
somal integument (Plate 1A). The MSL was fibrous and was 
present particularly between folds of the metasoma. 
Histochemical techniques also demonstrated the presence 
of a very thin layer on the exterior of the metasomal 
integument, and, since this layer appeared thinner than, 
and external to, the striped layer, it was assumed that 
this was the metasomal surface layer. 
From Table 1.1 , it can be seen that the r·~SL contained 
mucopolysaccharides, some of which were sulphated. The 
PAS staining material was positive after salivary amylase 
digestion, indicating the absence of glycogen. 
No enzymes were demonstrated in the MSL, although the 
striped layer stained for alkaline phosphatase and some 
esterase (Table 1.2). The striped layer contained baso-
philic material, acid mucopolysaccharide and some glycogen. 
Some elastin was also present (Table 1.3). No mucopoly-
saccharides were demonstrated in these layers. 
Praesomal integument 
The praesoma of P. laevis consisted of three major 
regions; the neck, the bulb and the proboscis. As can 
be seen from Figure 1.1, the integument was thickest in 
the neck region, and much thinner in the bulb and proboscis. 
The proboscis was distinct from the bulb by the presence 
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Plate 1 
A Striped layer .of the metasomal integument of P. laevis, 
with the surface layer external to the plasma 
membrane of the integument (arrowed) (35,400x). 
B Basement membrane(*) separating the metasomal and 
praesomal integuments. MTS L.S. (260x). 
C Neck of P. laevis. Haematoxylin and eosin T.S. 
(380x). 
D Bulb of P. laevis. Haematoxylin and eosin T.S. 
(370x). 
E Striped layer of praesomal integument T.S. (28,900x). 
F Neck of P. laevis, demonstrating striped and felt 
layers T.S. (3,300x). 
Key to plates 
c = circular muscle 
ca = canals of striped layer 
f = felt layer 
j = confluence of several canals 
L = lemniscus 
1 = longitudinal muscle 
M = metasomal integument 
MSL = metasomal surface layer 
P = praesomal integument 
PR = proboscis receptacle 
PRM = proboscis retractor muscles 
PSL = praesomal surface layer 
r = radial layer 
rf = radial fibre 
s = striped layer 
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Table 1.1 
Some Staining Properties of the Surface Layer on the 
Metasomal Integument 
Stain 
Hines and Moriber's 
triple stain 
Alcian blue 
Aldehyde fuchsin 
Result 
carbohydrate (particularly 
anterior metasoma) 
.acid mucopolysaccharide 
.sulphated mucopolysaccharide 
Alcian blue (0.5 m r.1gc12) strongly sulphated muco-
polysaccharide 
Alcian blue (0.7 m MgC12) heparin/heparan sulphate and 
keratan sulphate 
PAS 
PAS (control) 
++ 
++ 
Key to Table 
+++ intense staining 
++ moderate staining 
+ light staining 
+- very light staining 
negative 
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Table 1.2 
Distribution of Enzymes in the Metasomal Integument 
Alkaline 
Phosphatase 
Acid 
Phosphatase 
Esterase 
(non-specific) 
Surface Striped Felt Radial Muscle 
Layer Layer Layer Layer Layer 
++ + + 
+-
Key to Table 
+++ intense staining 
++ moderate staining 
+ light staining 
+- very light staining 
negative 
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+ 
+-
I\) 
~ 
Tabl.e 103 
Staining properties of the metasomal integument 
Striped layer Felt layer Radial layer 
~lTS basophilic basophilic/acidophilic basophilic 
Himes and Moribers triple stain carbohydrate 
Alcian blue 
Aldehyde fuchsin 
Alc ian blue ( O. 5M J.lgCI2 ) 
Alcian blue (O.7M MgCl2 ) 
Verhoeff's 
PAS 
PAS control 
Best's carmine 
Best's carmine control 
strongly sulphated muco-
polysaccharides (faint) 
heparin/heparan sulphate 
and keratan sulphate 
elastin (faint) 
+++ 
++ 
++ 
protein 
+++ 
+ 
+++ 
protein 
some elastin 
in radial fibres 
+++ 
+ 
++(not 
lacunae) 
Key to Table +++ = intense staining ++ = moderate staining + = light staining 
+- = very light staining - = negative 
Figure 1.1 
The praesoma of P. laevis, viewed 
in longitudinal section (approximately 50x) 
proboscis hook,-------11141 
proboscis retractor 
musc es . 
proboscis receptacle 
longit udinal 
muscle 
circul ar musc 
radial layer 
felt layer 
striped layer 
nucleus 
basement~~_~~_~MM.~~ 
membrane 
cerebral ganglion--~--""""""~~"""~ 
lemnis(u .~~ 
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of many hooks; the bulb and proboscis formed the attachment 
organ. 
A basement membrane at the posterior of the neck 
integument separated the praesomal integument from that 
of the metasoma (Figure 1.1, Plate- 1B). 
The praesomal integument consisted of a striped layer, 
felt layer and radial layer, which was bounded by a 
basement membrane (Figure 1.1, Plate 1C). Like the meta--
somal integument, the praesomal integument had the 
appearance of a syncitium. 
Beneath the basement membrane of the praesomal integu-
ment was the muscularis, that consisted of circular 
muscles nearest the basement membrane and longitudinal 
muscles in the lumen of the praesoma (Plate 1C). In the 
bulb and proboscis, the circular muscles were very reduced 
and may have been absent (Plate 1D). Within the praesoma 
was the proboscis receptacle (Figure 1.1, Plate 1C). Thi.s 
took the form of a two-layered muscular sheath which 
originated on the inner anterior surface of the bulb and 
ran down the neck into the lumen of the metasoma (Figure 
1.1). The proboscis retractor muscles (PRM) and cephalic 
ganglion were contained within the proboscis receptacle 
(Plate 1C). 
Striped layer 
External to the plasma membrane of the striped layer 
was a surface layer (PSL) which was non-fibrous and 
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osmophilic. The PSL was approximately 0.2 ~m thick, 
although considerable variation occurred. The external 
plasma membrane was found beneath the PSL and marked 
the external surface of the praesomal integument. The 
striped layer was composed' of numerous canals penetrating 
the width of the layer, with electron-dense material 
between the canals. These canals contained material sim-
ilar to that of the PSL and opened onto the integUment 
surface as pores (Plate 1E). 
The striped layer contained polysaccharide/mucopoly-
saccharide, some of which was sulphated. Protein was also 
present. Staining using Verhoeff's technique indicated 
the presence of elastin. The main difference observed 
between regions of the praesoma was that the anterior 
neck striped layer stained for acidophilic tissue, while 
~ 
basophilic material was apparent in posterior neck, bulb 
and proboscis striped layers (Tables 1.4, 1.5, 1.6). 
Weak esterase activity occurred in the ~triped layer 
although acid phosphatase and alkaline phosphatase were 
not demonstrated (Table 1.7). 
Felt layer 
The felt layer contained numerous conspicuous fibres 
arranged at various angles in the plane of the integument 
(Plate 1F). Within this layer, canals (some joining -
Plate 1E) from the striped layer were present. Mito-
chondria, lipid and glycogen occurred in this layer. The 
27 
I\) 
CD 
Table 1.4 
Staining properties of the neck region of the praesomal integument 
MTS 
Himes and 
Moriber's 
triple stain 
Alcian blue 
Aldehyde fuchsin 
Alcian blue 
(O.5m MgC12) 
Alcian blue 
(O.7m MgC12 ) 
Surface Striped 
La~ Layer 
Basophilic 
(Acidophilic 
when in gut 
lumen) 
Protein 
Strongly 
sulphated 
mucopoly-
saccharide 
Heparin/ 
heparan sul-
phate and 
keratan 
sulphate 
Felt Radial Muscle 
Layer Layer Layer 
Acidophilic Basophilic/ Basophilic/ 
Acidophilic Acidophilic 
Protein Protein Protein 
Connective 
Tissue 
Basophilic 
Carbohydrate 
Acid 
mucopolysaccharides 
cont'd 
Table 1.4 cont'd 
Surface Striped Felt Radial Muscle Connective 
Layer Layer Layer Layer Layer Tissue 
Verhoeff's Elastin 
PAS +++ + + +++ ++ 
PAS(control) +++ + +- +- ++ 
Best's carmine + + + +++ + 
Best's (control) + + + + + 
N 
CO Key to table 
+++ = intense staining 
++ = moderate staining 
+ = light staining 
+- = very light staining 
= negative 
fI 
w 
o 
Table 1 .5 
Staining prapertieB of the bulb region af the praesamal integument 
MTS 
Himes and 
Moriber's 
triple stain 
Alcian blue 
Aldehyde fuchsin 
Alcian blue 
(O.5m MgC12 ) 
Alcian blue 
(O.7m MgCI2 ) 
Surface 
La~ 
Striped 
Layer 
Basophilic 
Protein 
Strongly 
sulphated 
mucopoly-
saccharide 
Heparin/ 
heparan 
sulphate 
and 
keratan 
sulphate 
Felt Radial Muscle 
Layer Layer Layer 
Acidophilic Acidophilic Basophilic/ 
Acidophilic 
Protein Protein Protein 
Connective 
Tissue 
Basophilic 
Carbohydrate 
Acid muco-
polysaccharides 
cont'd 
Table 1.5 cont'd 
Surface Striped Felt Radial lwluscle Connective 
Layer Layer Layer Layer Layer Tissue 
Verhoeff's Elastin 
PAS +++ + + +++ ++ 
PAS (control) +++ + +- +- ++ 
Best's carmine + + + +++ + 
(occasional 
+++) 
CAl 
~ Best (control) + + + + + 
Key to table 
+++ = intense staining 
++ = moderate staining 
+ = light staining 
+- = very light staining 
= negative 
CAl 
I\) 
Table 1.6 
Staining properties of the probo~cis region of the praesomal integument 
MTS 
Himes and 
Moriber's 
triple 
stain 
Alcian 
blue 
Aldehyde 
fuchsin 
Surface 
Layer 
Alcian blue 
(0.5m· 
MgC12 ) 
Alcian blue -
(O.7m 
MgC12 ) 
Striped Felt Radial Muscle 
~er Layer Layer Layer 
Baso- Acido- Acido ... Baso-
philic philic philic philic 
Protein Protein Protein Protein 
Strongly 
sulphated 
mucopoly-
saccharide 
Heparin/ 
heparan 
sulphate 
and 
keratan 
sul.phate 
Connective .. Proboscis Hooks 
Tissue 
Basophilic 
Carbohydrate 
Acid 
mucopoly-
saccharide 
Core 
Basophilic 
Carbo-
hydrate 
Acid 
mucopoly-
saccharide 
Not 
observed 
Not 
observed 
cont'd 
External 
?Yellow 
Protein 
Acid 
mucopoly-
saccharide 
Not 
observed 
Not 
observed 
Table 1.6 cont'd 
Surface Striped Felt Radial Muscle Connective Proboscis Hooks 
Layer Layer Layer Layer Layer Tissue Core External 
Verhoeff's Elastin Not observed 
PAS +++ + + +++ ++ +++ 
PAS (control) +++ +- +- +- ++ +++ 
Best's carmine + + + +++ + + 
CN 
(occasional 
+++) 
CN 
Best (control) + + + + + + 
Key to table 
+++ = intense staining 
++ = moderate staining 
+ = light staining 
+- = very light staining 
= negative 
Table 1 .7 
Distribution of enzymes in the praesomal integument 
Surface Striped Felt Radial J.1uscle Proboscis 
Laver. Layer Laver Layer Laver 
-
Hook 
Alkaline +- +- +-
phosphatase 
Acid 
phosphatase 
W 
~ Esterase 
+- +- +- +- +-
(non-specific) 
Key to table 
+++ = intense staining 
++ = moderate staining 
+ = light staining 
+- = very light staining 
= negative 
fibres were not of uniform electron-density, and several 
electron-lucent areas were apparent in the cores (Plate 
2A) • 
From Tables 1.4, 1.5, 1.6 and 1.7, it may be seen 
that histochemically the integumental felt layer was 
similar in all regions of the praesoma. It was acidophilic, 
containing protein and some polysaccharide. Neither PAS 
nor Best's carmine demonstrated any glycogen; however, 
glycogen was seen using the TEM (Plate 2A). 
Faint esterase and alkaline phosphatase activity was 
evident (Table 1.7). 
Radial layer 
The radial layer lacked the conspicuous fibres of the 
felt layer that ran in the plane of the integument, but 
was similar in other respects. Some large fibres, running 
from the basement membrane to the integument were present 
(Plate 1F, 2B) and it was these that created the "partitions" 
observed in Plate 1C. The basement membrane on the 
interior surface of the radial layer, and the radial 
layer itself demonstrated considerable differences between 
the different regions of the praesoma. In the neck, the 
oasement membrane was highly folded, and numerous vesicles, 
membranous structures and dark patches were present on the 
radial layer side (Plate 2C). Coated vesicles were present 
below the basement membrane, in the connective tissue 
(Plate 2D). Tr..e radial layer of the bulb and the associ-
ated basement membrane were similar to those of the neck. 
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Plate 2 
A Felt layer of' praesomal integument demonstrating felt 
layer fibres T.S. (33,200x). 
B Anterior neck integument, demonstrating striped, felt 
and radial layers T.S. (5,100x). 
C Basement membrane of neck integument T.S. (38,900x). 
D Coated vesicles in connective tissue below neck 
basement membrane T.S. (30,900x). 
E Basement membrane of proboscis integument T.S. (38,500x). 
F Muscularis below basement membrane of praesomal 
integument T.S. (8,OOOx). 
Key to plates 
BM = basement membrane 
c = circular muscles 
ct = connective tissue 
cv = coated vesicles 
d = dark patches on basement membrane 
f = felt layer 
ff = felt layer fibres 
g = glycogen 
1 = longitudinal muscle 
m = mitochondrion 
my = contractile region 
n = nucleus 
of muscle 
PSL = praesomal surface layer 
pf = fibres near probsocis basement 
r = radial layer 
rf = radial fibre 
s = striped layer 
sa = sarcoplasm 
t = tubules 
v = vacuole 
membrane 
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Vesicles containing tubules were found exclusively in 
the proboscis radial layer. These tubules often appeared 
to be attached to the vesicle wall (Plate 2E). Although 
dark patches were present on the proboscis integument 
basement membrane, very little unfolding occurred com-
pared to the basement membranes of other regions of the 
praesoma (Plate 2E, c.f. Plate 2C). Another feature 
peculiar to the proboscis radial layer was a layer of 
fibres running in the plane of the integument (Plate 2E, 
3F). 
From Tables 1.4, 1.5, 1.6 and 1.7 it can be seen 
that the radial layer was histochemically very similar 
to the felt layer. Some glycogen was detected using the 
PAS technique. 
Muscularis 
The tubular muscles each comprised an outer con-
tractile region containing myofilaments and an inner non-
contractile (sarcoplasmic) region containing numerous 
mitochondria and glycogen (Plate 2F). The muscles were 
bounded by a unit membrane, external to which was a basal 
lamina and fibrous connective tissue. 
The muscularis was composed of acidophilic and baso-
philic tissue. Little or no mucopolysaccha~ide was 
present, but glycogen was plentiful (Table 1.4, 1.5, 1.6). 
The connective tissue contained mucopolysaccharides, 
though these did not appear to be sulphated. Weak alkaline 
phosphatase and esterase activity was present (Table 1.7). 
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Proboscis hooks 
Each hook was composed of three layers. The inner-
most or "core" layer was derived from the connective 
tissue below the basement membrane (Plate 3A). The next 
layer (f-layer) was derived from the felt layer, and 
the external layer of the hook (s-layer) from the striped 
layer (Plate 3B). 
The core of the hook was electron lucent and difficult 
to section, although the ollter two layers were softer. 
The f-layer formed a reticular arrangement (Plate 30) 
and appeared to have canals that penetrated the s-layer 
and opened on the surface of the hook (Plates 3E, 3D). 
The PSL was present on the hooks (Plate 3D). 
The integument was raised up around each hook (Plate 
3E), forming a collar. A layer of fibres running from 
the integument surface to the basement membrane encircled 
each hook (Plate 3F). 
The core of the hook was histochemically distinct 
" 
from the outer two layers. While containing mucopoly-
saccharide/polysaccharide, protein did not appear to be 
present. The outer two layers contained mainly protein, 
though some polysaccharides were present (Table 1.6). No 
enzyme activity was demonstrated (Table 1.7). 
Lemnisci 
The.lemnisci originated as extensions of the prae-
somal felt layer from the distal region of the neck. They 
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Plate 3 
A Origin of the core of a proboscis hook in the con-
nective tissue layer L.S. (18,800x). 
B Base of a proboscis hook, demonstrating the origin of 
the two outer layers of the hook L.S. (13,900x). 
c structure of a proboscis hook, L.S., demonstrating what 
appear to be canals infue s-layer(*) (32,900x). 
D Structure of a proboscis hook, T.S., demonstrating what 
appear to be canals in the s-layer(*)(32,100x). 
E Proboscis hook, . with a collar formed by the integument 
L.S. MTS (1,400x). 
F Proboscis integument, adjacent to a hook T.S.(4,300x). 
Key to plate 
BM = basement membrane 
ct = connective tissue 
f = felt layer 
fs = fibres encircling hook 
h = hook 
hc = core of hook 
hf = f-layer of hook 
hs = s-layer of hook 
P = praesomal integument 
pf = fibres near proboscis basement membrane 
PSL = praesomal surface layer 

extended into the metasomal lumen. Structurally they 
resembled the felt layer and were bounded by a basal 
lamina and connective fibres. 
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DISCUSSION 
During the present study, surface layers were 
demonstrated on the metasomal and praesomal integuments 
of P. laevis. The metasomal surface layer (MSL) was com-
posed, at least in part, of acidic sulphated mucopoly-
saccharides; however, these substances were not detected 
in the praesomal surface layer (PSL). In an earlier study 
of the metasomal integument of P. laevis, Stranack et al 
(1966) were unable to detect a surface layer, although 
they suggested that this may have been because of the 
method of specimen preparation employed. However, a MSL 
was described on the integument of cystacanths of P. laevis 
by Marshall (1977) and is a common feature on the integu-
ments of other species of Acanthocephala, intimately 
bound to the plasma membrane (Wright and Lumsden, 1968). 
Structurally and histochemically, the MSL of P. laevis 
described here was similar to the MSL of other Acantho-
cephala (Crompton and Lee, 1965; Nicholas and Mercer, 
1965; Hammond, 1967; Wright and Lumsden, 1968; Lange, 
1970; Rothman and Elder, 1970; Mohsin and Farooqi, 1979). 
The thickness of the MSL of P. laevis was within the 
range described for some other Acanthocephala (1 um for 
I 
M. dubius and 0.02 pm for A. ranae; Nicholas and Mercer, 
1965; Hammond, 1967; respectively) although it is possible 
that part of the layer was lost during tissue preparation 
(Stranack et aI, 1966) and that the MSL is -thicker in the 
living animal. 
It has been proposed by Monne (1959) that surface 
mucins may have a role in the protection of endoparasitic 
helminths from digestion by the host. The findings of 
the present study are consistent with this view, since 
the metasoma of P. laevis remains in the intestine of the 
host, and is therefore likely to come into contact wi.th 
digestive enzymes. 
Both structurally and histochemically, the PSL of 
P. laevis was different to the f;)SL. Mucopolysacchar ides 
were not evident, and the osmiophilic nature of the PSL 
suggests that it may have been composed of lipid. Previous 
studies on the praesomal integuments of other species of 
Acanthocephala have demonstrated surface layers of a 
similar nature to that described here (Crompton and Lee, 
1965; Hammond, 1967). Additional evidence that the PSL 
contains lipid is provided by Hammond (1968a), who ob-
served that this layer was absent in specimens of P. laevis 
that had been stored in 70% EtOH. 
Therefore, it is evident that, although the praesomal 
integument of P. laevis described in this study had a 
similar structure to the metasomal integuments as des-
cribed by Stranack et al (1966), these integuments secrete 
chemically different materials, and it has been proposed 
by Hammond (1968a) and Hibbard and Cable (1968) that, in 
general, the metasomal and praesomal regions of Acantho-
cephala have differing physiological roles. 
Evidence that this is so in the case of P. laevis 
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has been provided in the present study by the demonstration 
that alkaline phosphatase activity occurred in the striped 
layer of the metasoma, but not in that of the praesoma. 
Similar distributions of this enzyme have been described 
in P. bulboccoli and E. coregoni (Bullock, 1949a, 1958) 
and P. minutus (Crompton, 1963). Rothman (1967) demon-
strated that the greatest alkaline phosphatase activity 
in M. dub ius occurred in the membranes lining the canals 
of the metasomal striped layer. Therefore, since it is 
thought that alkaline phosphatase activity in the striped 
layer is related to transport (Bullock, 1949a, 1958; 
Crompton, 1963; Rothman, 1967) it seems likely that the 
metasomal striped layer may be involved in the absorption 
of materials, probably nutrients. Hammond (1968b) showed 
that glyceryl trioleate was only absorbed by the metasoma 
of A. ranae, and mentioned unpublished work that demon-
strated that the uptake of glucose and methionine only 
occurred in the metasoma, supporting this hypothesis. 
The physiological role of the praesoma is less clear 
although, in the present study on P. laevis, the absence 
of alkaline phosphatase activity suggests that it is 
unlikely to be involved in nutrient absorption. Hibbard 
and Cable (1968) have demonstrated that the praesoma of 
Paulisentis fractus was incapable of absorption of glucose, 
tyrosine or thymidine, and furthermore, it may excrete 
lipids as an end product of carbohydrate metabolism. 
Similarly, Hammond (1968a) suggested that the praesomal 
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integument may be important in lipid excretion and the 
lipid-like appearance of the PSL of P. laevis found in 
the present study provides further support for this view. 
The integumental basement membrane of the neck and 
bulb of P. laevis described here is similar to those of 
the praesomae of other Acanthocephala (Crompton and Lee, 
1965; Hammond, 1967). The metasomal integument basement 
membrane of P. laevis was similarly folded (Stranack !1 
aI, 1966), and this highly folded appearance suggests that 
these regions were active in the movement of materials. 
In contrast, the basement membrane of the proboscis 
integument of P. laevis possessed very little ,folding, 
and therefore was unlikely to be involved in the movement 
of materials. 
In the present study it has been demonstrated histo-
chemically that the proboscis hooks of P. laevis had a 
proteinaceous outer layer and a basophilic polysaccharide/ 
mucopolysaccharide core. The polysaccharide nature of 
the core is supported by the observation of Jones (1982) 
that the hook bases were PAS positive. A study by Miller 
and Dunagan (1971) provides similar histochemical obser-
vations for the proboscis hooks of Macracanthorhynchus 
hirudinaceus. The nature of the polysaccharide in the 
hook cores of P. laevis and other Acanthocephala is not 
known, but is ,unlikely to be chitin (Von Brand, 1940). 
In contrast to the above work, Crompton (1963) and 
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Crompton and Lee (1965) found that the proboscis hooks of 
P.minutus lacked mucopolysaccharides, and consisted of a 
hard outer layer enclosing a cytoplasmic core. At no time 
during the present study was it possible to interpret 
either light or TEM sections of the proboscis hooks such 
that they would conform to this pattern. 
The derivation of the two outer layers (s-layer and 
f-Iayer) of the proboscis hooks of P. laevis from the 
striped and felt layers of the proboscis integument gave 
the hooks a similarity to the body $pines of P. minutus 
as described by Crompton and Lee (1965). However, the 
cores of P. minutus body spines consisted of fibres derived 
from the felt layer, unlike the core of the proboscis 
hooks of P. laevis which originated in the connective 
tissue below the basement membrane. 
The outer s-layer of the proboscis hooks of P. laevis 
contained pores or canals similar to those observed in 
the striped layer from which it was derived; these pores 
appeared to connect with the reticulate f-Iayer. Whether 
the PSL material observed on the proboscis hooks' surface 
was secreted by the s-layer of the hook is not known, 
although Bullock (1949b) noted large droplets of lipid in 
and around the proboscis hooks of P. bulboccoli and E. 
coregoni. Miller and Dunagan (1971) suggested that in 
some Acanthocephala, proboscis hooks may have a secretory 
function, although in these. authors' scheme, the secretion 
was via a single pore and groove located on each hook. 
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In the present study, no muscle attachments to the 
proboscis hooks of P. laevis were observed, although 
Jones (1982) describes a muscle around the base of pro-
boscis hooks of cystacanths of P. laevis. However, the 
findings of the present study suggest that the proboscis 
hooks of adult P. laevis were not capable of individual 
movement, and it is possible that the muscles described 
by Jones (1982) atrophy after the worm has attached 
itself to the gut wall. However, in other Acanthocephala, 
independent hook movements are possible by means of 
retractor muscles attached to their bases (Jilek and 
Crites, 1979). 
Besides the use of proboscis hooks in attaching P. 
laevis to its host, an additional function may be as 
mechanoreceptors, as nerve endings supplied by the 
anterior median nerves of the cerebral ganglion of P. 
laevis have been observed at the hook bases (Jones, 1982). 
The raised integument, forming a collar around each 
proboscis hook of P. laevis may act as a sheath for the 
hook when the proboscis retracted, perhaps protecting the 
integument. Similar sheaths have been described in other 
Acanthocephala (Jilek and Crites, 1979). 
The ring of fibres around each proboscis hook of 
P. laevis may act as a form of support for the hooks when 
they are penetrated in host tissues. Similarly, the 
fibrous layer near the proboscis integument basement 
membrane, together with the origin of the hook in the 
. . 
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connective tissue, may provide additional support. Thus, 
the proboscis integument is not likely to be very elastic. 
In contrast, only one row of hooks occurred on the bulb 
of P. laevis~ on the anterior surface, and the bulb region 
was therefore likely to be more elastic than that of the 
proboscis. The absence or at least great reduction of the 
circular muscles below the bulb integument, together with 
the lack of the fibrous layer adjacent to the basement 
membrane, may be factors involv~d in the development of 
the bulb by expansion of the integument in this region. 
It has been demonstrated in the present study that 
the felt and radial layers of the praesomal integument of 
P. laevis were discrete regions. A similar situation 
occurred in P. minutus although the radial layer was absent 
from the proboscis integument (Crompton and Lee, 1965). 
However, Hammond (1967) found that in the praesoma of A. 
ranae, the felt and radial layers were not distinct. Why 
this difference between species occurs is not known, 
but size of the praesoma may be a factor as P. laevis 
has a larger praesoma than P. minutus, which in turn is 
larger than that of A. ranae. 
The felt and radial layers of the praesoma of"P. laevis 
were similar histochemically; the distribution of glycogen 
in the felt and radial layers observed in this study was 
similar to the distribution of glycogen in the metasoma 
of adults (Stranack et aI, 1966) and cystacanths (Marshall, 
. . 
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1977) of P. laevis and in other species of Acanthocephala 
(Bullock, 1949b; Crompton, 1965; Mohsin and Farooqi, 1979; 
Cho, 1982). 
The praesomal felt layer of P. laevis was characterised 
by the numerous fibres, similar to those described in the 
metasomal felt layer by stranack et al (1966) and 
Marshall (1977). Stranack et al (1966) were of the opinion 
that the apparent hollowness of these fibres was an 
artifact caused by poor osmium penetration. However, in 
this study, and that performed by Marshall (1977), the 
fibres were not simply hollow but had between one and six 
spaces within them when viewed in section. Thus it seems 
likely that the hollowness of the fibres is real and not 
an artifact. The function of the felt layer fibres is 
not known but they may impart strength while still allowing 
the integument to be flexible. 
The lacunar system of the praesomal integument of 
P. laevis was greatly reduced compared with that of the 
metasomal integument and no lacunae were observed using 
the TEM. The apparent lacunae visible in light microscopy 
sections were areas of cytoplasm between radial fibres, 
and did not appear to be discrete lacunae. In general, 
the praesomae of Acanthocephala lack the main longitudinal 
lacunae present in the metasomae; the lacunae that are 
present in the praesoma are less well-defined than those 
of the metasomal integument (Hammond, 1966; Pratt, 1969). 
The lacunae in the metasomal integument are likely to be 
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involved with the transport of nutrients, absorbed by 
the body wall, to other regions of the worm such as the 
pseudocoelom and the praesoma. 
The structure of the muscles below the integument of 
P. laevis observed in the present study is inconsistent 
with the suggestion of Miller and Dunagan (1977) that the 
muscles of Acanthocephala may form a vascular system 
similar, and perhaps connected, to the lacunar system. 
In the study on the structure of the muscles of P. laevis 
Jones (1982) also found it difficult to reconcile the 
structure of the muscles with this suggestion. 
From the work presented here, it is evident that both 
the praesomal and metasomal integuments of P. laevis 
may secrete surface layers, although these are chemically 
and structurally different. Thus, when attached to' the 
gut wall of a fish host, P. laevis may actively excretel 
secrete material at the site of attachment, as well as 
into the gut lumen, and these excretions may be a source 
of antigenic stimulation to the host. 
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CHAPTER ONE 
SECTION B : ANTIGENIC SITES 
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~ATERIALS A~rn METHODS 
Rainbow trout were infected by being allowed to 
feed on a number of Gammarus pulex containing cystacanths 
of P. laevis. The trout were kept in 30x30x60 em tanks, 
supplied with continuously circulating filtered water 
at 120 C. The fish were fed Omega trout food (Edward 
Baker Ltd) ad lib. After approximately two months, the 
fish were killed by a blow on the head, and specimens of 
sexually mature male and female worms removed. Sera from 
these trout were combined and used as the trout anti-
P. laevis serum. 
Preparation of sections 
The worms were prepared for sectioning in paraffin 
wax using the following method modified after Johnson et 
al (1979): 
1 • Live worms were placed in 95% EtOH pre-cooled 
4°C and were fixed for 1 hour. 
2. After hardening, the bodies of the worms were 
slit to facilitate entry of the 95% EtOH and were left 
in 95% EtOH at 4°C for a further 18 hours. 
3. The worms were dehydrated in four changes of 
100% EtOH, pre-cooled to 40 C, one hour per change. 
to 
4. Clearing was carried out in three changes of 
xylol, pre-cooled to 40 C and observed using a dissecting 
microscope. \Yhen completed, the xylol was replaced with 
fresh pre-cooled xylol for a similar period. In the last 
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change of xylol, the worms were allowed to warm up to 
room temperature. 
5. The worms were embedded in Paraplast (BDH Chemicals 
Ltd, Poole, Dorset) at 560 C, after passing through two 
changes of wax. 
6. The blocks were stored at 4°C until used. 
Sections were cut at 8 urn as normal but flotation of 
J 
the sections on water at 400 C was as brief as possible. 
After drying at 37°C for 30 mins, the sections were placed 
in two consecutive baths of xylol for 10 minutes per bath. 
Xylol was removed using three changes of cold 95% EtOH 
for 10 to 15 seconds. Finally, the slides were placed in 
three changes of cold phosphate buffered saline (PBS, 
Appendix A) for 1 minute per change. 
Staining 
Staining was carried out using the following method, 
modified after Johnson et al (1979): 
1. The sections were placed in a humid atmosphere 
at 370 C. 
2. 0.05 cm3 Trout anti-F. laevis serum, diluted 
1:1 with PBS, was applied to the sections, and left for 
30 minutes. 
3. The sections were washed in three changes of 
PBS, 10 minutes per change. 
4. 0.05 cm3 Rabbit anti-trout serum (provided by 
Dr J.E. Harris), diluted 1:2 with PBS (serum:PBS), was 
applied to the sections and left for 30 minutes. 
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5. The sections were washed in three changes of PBS, 
10 minutes per change. 
6. 0.05 cm3 Goat anti-rabbit IgG-FITC conjugate 
(Goat FITC) (Sigma Chemicals Co.) diluted 1:1 with PBS 
was applied to the sections and left for 30 minutes. 
7. Sections were washed in three changes of PBS, 
30 minutes per change. 
8. Sections were covered in mounting fluid (1 part 
PBS:6 parts glycerol) and coverslip applied. 
Various control slides were prepared by substituting 
the following sera, where appropriate: 
Type 1. Using rabbit serum from an animal never 
exposed to trout antigens. 
Type 2. Using trout serum from fish that had never 
been infected by P. laevis. 
Type 3. Omitting any trout serum. 
Type 4. Omitting Goat FITC. 
Type 5. Omitting any rabbit serum. 
The sections were examined using a Leitz Ortholux 
microscope, with an incident ultraviolet (uv) source. 
Kodak FP4 (ASA 125) film was used for photography, with 
an automatic exposure. 
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RESULTS 
Control slides 
Sections prepared using Type 4 method did not demon-
strate any fluorescence. 
Sections prepared using Type 1, Type 3 and Type 5 
methods did not demonstrate any fluorescence other than 
that of the cement gland of male P. laevis (Plate 4A). 
Sections prepared using Type 2 method showed a degree 
of fluorescence in most tissues though not so strong as 
experimental slides(Plate 4B). 
Experimental 
Metasoma 
The regions which fluoresced most strongly were the 
striped and radial layers, with slightly less staining 
of the felt and muscle layers (Plates 4C, 4D). In males 
the cement glands were prominent though the rest of the 
genitalia were less bright (Plate 4C). In female worms 
the material in the body cavity showed only very light 
staining (Plate 4D). Acanthors in female worms did not 
stain at all but were seen as silhouettes. 
Praesoma 
The neck wall, together with the proboscis receptacle, 
were equally bright (Plates 4E, 4F). Material in the 
lumen of the praesoma was weakly fluorescent (Plate 4F). 
No differences in intensity were observed between the 
neck, bulb and proboscis (Plates 4E, 4F). The outer 
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Plate 4 
A Male P. laevis (Type 1 control), with fluorescent 
cement glands. 
B Male P. laevis (Type 2 control), with weak fluorescence 
of gonads and integument. 
C Male P. laevis (experimental slide), showing antigenic 
sites. 
D Female P. laevis (experimental slide), showing anti-
genic sites. 
E Antigenic sites in the neck of P. laevis (experimental 
slide). 
F Antigenic sites in the bulb of P. laevis (experimental 
slide). 
Key to plate 
cg = cement gland 
f = felt layer 
M = metasomal integument 
P = praesomal integument 
PR = proboscis receptacle 
r = radial layer 
s = striped layer 
te = testis 
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layers of the proboscis hooks displayed some fluorescence 
while the cores were negative. 
The lemnisci were moderately fluorescent. 
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DISCUSSION 
The cement glands of male P. laevis were able to 
bind goat (anti-rabbit) FITC directly, and d~d not require 
the presence of trout (anti-P. laevis) serum or rabbit 
(anti-trout) serum. The reasons for this are not known. 
However, the fluorescence was attributable to the goat 
(anti-rabbit) FITC as no fluorescence occurred when the 
conjugate was not used. The cement glands produce 
secretions which function in cementing together male and 
female worms during copulation (Van Cleave, 1949). 
Preparations made using sera from trout which had not 
been infected with P. laevis displayed a similar though 
fainter pattern of fluorescence to those using trout 
(anti-P. laevis) serum. Occasionally, in other trout 
obtained from the same commercial trout farm as those 
used for preparation of the control trout serum, one or 
two specimens of another species of acanthocephalan, 
Echinorhynchus sp., were found. Thus it is possible that 
some of the antigens to which the trout responded were 
not specific to P. laevis but also occurred in Echino-
rhynchus sp. and possibly other Palaeacanthocephala. 
Some species of parasitic nematodes are known to possess 
common antigenic determinants (Rogers and Goldsmid, 1977; 
Lewis et aI, 1978; Griffin and Pade, 1982). 
Antigen sites appeared mainly in the striped and 
radial layers of the metasomal integument, and in the 
praesomal integument. The reduced staining of the meta-
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somal felt layer may indicate that the felt layer fibres 
were not antigenic. Miremad-Gassman (1981a) demonstrated 
that host antibodies were bound to the integument of 
Moniliformis moniliformis. The integument of other fish 
parasites have also been shown to bind host antibodies 
(Cottrell, 1975). 
The presence of antigenic sites in layers within the 
integument of P. laevis and also within the muscularis 
suggests that some antigens of P. laevis may be of an 
excretory/secretory CES) nature. This supports the work 
of Harris (1970, 1972) who demonstrated that P. laevis 
produced ES material that was antigenic in chub, 
Leuciscus cephalus. Harris (1972) found that only 
sexually mature P. laevis induced humoral antibody 
response in chub, and that antigens from immature ~ 
laevis did not precipitate with chub anti-P. laevis 
serum. Surprisingly, the gonads of both male and female 
worms bound less antibody than the metasomal and prae-
somal integuments, though it is likely that major 
secretory materials of the acanthocephala would be pro-
ducts of the genitalia, particularly of the female worm. 
A possible explanation is that because the sexual products 
of the worms would have been released into the gut lumen, 
there was less opportunity for them to stimulate a host 
response. A similar degree of fluorescence occurred in 
both male and female P. laevis, suggesting that the main 
antigenic sites were similar in both sexes. However, 
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female Moniliformis moniliformis appear to be more anti-
genic than male M. moniliformis (Miremad-Gassmann, 1981b). 
The praesomal wall was equally fluorescent in the 
neck, bulb and proboscis, though only the outer layer of 
the proboscis bound antibody. As has been shown, the 
two outer layers of the hook are derived from the striped 
and felt layers (and may contain pores or channels) while 
the innermost layer is derived from the connective tissue 
below the basement membrane. It is reasonable, therefore, 
to suggest that the outer layer of the proboscis hook 
may possess similar antigenic sites as the praesomal in-
tegument. 
The lemnisci bound less antibody than the praesomal 
integument from which they are derived, in contrast to 
other acanthocephala where the lemnisci are important 
antigenic sites (Miremad-Gassmann, 1981a). 
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CHAPTER TWO 
THE DISTRIBUTION AND GROWTH OF 
Pomphorhynchus laevis IN STONE LOACH 
AND RAINBOW TROUT 
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INTRODUCTION 
In order to understand any pathological changes 
caused by a parasite, its site in the host needs to be 
known. Although unspecialised in comparison with guts 
of higher vertebrates, the alimentary tract of a fish 
is more than a simple tube connecting the mouth to the 
anus (Kapoor et aI, 1975). For example, a stomach may 
be present, or an intestinal bulb, as in some cyprinids 
(AI-Hussaini, 1949a). Thus, despite being unspecialised, 
the environment provided by the gut is likely to differ 
from region to region. 
It is not surprising, therefore, that in a fish in-
fected by several members of a species of acanthocephalan 
the distribution of the worms is often localised (Crompton, 
1970). The species under discussion, P. laevis, frequently 
penetrates the entire thickness of its host's gut wall 
(Chubb, 1967) and may considerably damage the normal gut 
structure (Chapter Three). Therefore at least one 
aspect of the pathology of P. laevis in the primary host 
may depend on its site in the host and hence the location 
of P. laevis in its fish host needs to be determined. 
The distribution of P. laevis in the guts of some 
cyprinids and salmonids has been described using both 
naturally-infected and experimentally-infected fish 
(Kennedy, 1972; Kennedy et aI, 1976, 1978). Rumpus (1975) 
has studied the distribution of P. laevis in the gut 
of the bullhead (Cottus gobio). 
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Considerable damage to the mucosa of fish gut due to 
compression and abrasion is caused by P. laevis (Hine and 
Kennedy, 1974). It would seem that the size and therefore 
growth of the worm is important in determining the degree 
of damage caused. Growth of P. laevis, and the relation-
ship between growth and distribution in' the gut of chub, 
barbel and grayling have been investigated by Kennedy ~ 
!! (1976). 
stone loach from the river Avon, Hampshire, have been 
described as an unsuitable host for P. laevis, with no 
growth or maturation of the parasite occurring (Hine and 
Kennedy, 1974). However, this observation was based on 
a sample of ten fish. Rumpus (1975), working with larger 
samples of stone loach found that over 50% of female P. 
laevis reached sexual maturity and 2% of females were 
gravid. 
The aim of this study was to· determine the distribution 
of P. laevis in the alimentary tracts of stone loach and 
rainbow trout, and to ascertain the relationship between 
distribution and worm growth. The incidence of infection, 
and changes with age class, in the naturally-infected 
population of stone loach was also investigated, together 
with distribution of P. laevis in the stone loach pop-
ulation. 
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described as an unsuitable host for P. laevis, with no 
growth or maturation of the parasite occurring (Hine and 
Kennedy, 1974). However, this observation was based on 
a sample of ten fish. Rumpus (1975), working with larger 
samples of stone loach found that over 50% of female P. 
laevis reached sexual maturity and 2% of females were 
gravid. 
The aim of this study was to,determine the distribution 
of P. laevis in the alimentary tracts of stone loach and 
rainbow trout, and to ascertain the relationship between 
distribution and worm growth. The incidence of infection, 
and changes with age class, in the naturally-infected 
population of stone loach was also investigated, together 
with distribution of P. laevis in the stone loach pop-
ulation. 
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MATERIALSAlID METHODS 
On four occasions, at intervals of three months, 
samples of stone loach were collected using Freshwater 
Biological Association (FBA) pond nets, from the river 
Severn, at Shrawardine, Shropshire (NGR SJ/396153). 
For age determination, using length-frequency data, 
approximately 300 fish were caught on each occasion, and 
the total live length of each fish determined. A sub-
sample of about 100 fish was placed in 5% fo~alin, and· 
the remaining fish released. 
During subsequent examination of the preserved sub-
sample, the following information was obtained for each 
fish: 
1. total length; 
2. weight; 
3. length of intestine; 
4. length of rectum; 
5. position (point of attachment), sex and weight of 
individual P. laevis; 
6. presence of other parasites. 
Rainbow trout fingerlings were obtained from a 
commercial hatchery and individually maintained in 30x 
30x60 cm tanks with constantly Circulating, filtered 
water at 12°C. Fish were fed on a diet of Omega trout 
food (Edward Baker Ltd), at 1% initial body weight per 
day. 
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Infections were carried out by feeding the fish a 
number of Gammarus pulex which contained cystacanths of 
P. laevis. The worms were allowed to grow in the trout 
for approximately 80 days. At the end of the period, 
the trout were killed by. a blow on the head, and the 
alimentary tract removed. The position, weight an'd sex 
of individual worms were recorded. The results are based 
on data obtained from 14 fingerling trout. 
In both species of fish, the position of P. laevis 
was recorded as the percentage of the distance from the 
pyloric sphincter (0%) to the anus (100%). Statistical 
tests were used as described in Bailey (1976). Negative 
binomial distributions were calculated according to the 
methods of Bliss and Fisher (1953). 
64 
RESULTS 
STONE LOACH 
1. Live sample 
Length-frequency distributions are shown in Figure 
2.1. These distributions are polymodal; each age-class 
is represented by one mode. As can be seen, almost no 
growth of 0+ fish occurred between 13/9/83 and 1/3/84; 
the major growth period for 0+ fish appeared to be 
between hatching and September. 
Due, to the overlap between modes, the following method 
was used to separate the age classes (after Harding, 1949). 
1. The number of fish of a given length was determined. 
2. A cumulative total was calculated, in ascending 
order of length (Figure 2.2). 
3. The cumulative totals were transformed to per-
centages of the total sample and plotted on probability 
paper (Chartwell Ltd) with cumulative total on the 
abscissa and length on the ordinate. 
4. The point of infection was determined and the 
percentage read off the abscissa - this was the per-
centage of 0+ fish in the sample (Figure 2.2). 
5. Using the formula 
where 
P = P1 (1-q) + (P2 q) 
P is the cumulative total percentage of 
fish of length x 
P1 is the proportion that fish of age group 
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Figure 2.1 
Length-frequency distributions of stone loach 
from the River Severn caught on four occasions. 
Age distributions are: 
0+ 1++ 
31/5/83 ~ 55 mm > 55 mm 
13/9/83 ~ 48 mm > 48 mm 
8/12/83 ~ 48 mm > 48 mm 
1/3/84 ~ 47 mm > 47 mm 
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Figure 2.2 
A Table demonstrating calculation of cumulative 
total percentages. 
B Length/cumulative total plotted on probability 
paper. 
Xy = curve fitted to data for entire sample 
XX = straight line fitted for 0+ fish 
A-B = difference between A and B equals 
standard deviation of lengths of 0+ 
fish 
B = mean length of 0+ fish 
A 
LENGTH NO. OF FISH CUMULA TlVE PERCENTAGE 
B 
(mm) 
30 
31 
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33 
:c 
..... 
1 
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1 
6 
16 
28 
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UJ B --------------- ------------
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50 
CUMULATIVE TOTAL 
( PERCENT) 
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4 
POINT OF 
INFLECTION 
0·33 
2·00 
5-33 
9-33 
. 
-
-
y 
0+ contributes to all fish of length x 
P2 is the proportion that fish older than 
0+ (1++) contributes to all fish of length 
q is the proportion (of 1) of 0+ fish in 
the sample 
the cumulative total percentage of 0+ fish of three 
lengths was determined and a line drawn through these 
paints (Figure 2.2). The lengths chosen for this were 
as small as possible, so that P2-+ O. The mean length 
and standard deviation of the 0+ fish in the sample was 
obtained from the ordinate axis where the line inter-
sected the 50% and 84.1% points, respectively, on the 
abscissa (Figure 2.2). 
2. Preserved sample 
Using the information above, the preserved fish in 
the SUb-sample could be divided into 0+ fish, and fish 
older then 0+ (1++); this latter group of 1++ fish would 
mainly be composed of 1+ individuals, although one or 
two older specimens may also have been present. The 0+ 
fish were those with lengths less than or equal to 
the mean length of 0+ fish + 1.96 standard deviations. 
Remaining fish were classed as 1++. Approximate ages 
of these fish in months are shown in Table 2.1; these 
ages are based on the assumption that all stone loach 
hatched at the beginning of July. 
The following information was obtained from the pre-
served samples • 
. ' 
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Table 2.1 
I 
The approximate ages of stone loach (months) 
Date collected 0+ 1++* 
-
1/6/83 11 23 
13/9/83 2 14 
8/12/83 5 15 
1/3/84 8 20 
* some individuals in this group may be 
older than the calculated age. 
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(i) Within the same sample of stone loach, 0+ 
fish generally had a lower incidence of infection, a lower 
mean weight (worm burden) of P. laevis per fish and a 
lower mean number of P. laevis per fish than 1++ fish 
(Tables 2.2, 2.3 and 2.4 respectively). Thus, incidence 
of infection, mean worm burden per fish and mean worm 
weight per fish increased with stone loach age (Figures 
2.3, 2.4 and 2.5). 
(ii) From the combined data for 0+ fish caught on 
13/9/83, 8/12/83 and 1/3/84 (i.e. samples in which 0+ 
stone loach had similar mean lengths) it was found that 
uninfected stone loach were significantly shorter than 
infected fish (38.33 + 3.66 mm (163 fish) and 41.39 +3.56 
- -
mm (64 fish) respectively, P<0.001). 
(iii) The mean individual weights of male and female 
P. laevis were greater in 1++ fish than in 0+ fish; female 
worms were usually heavier than males (Tables 2.5, 2.6). 
(iv) The incidence of gravid female P. laevis was 
low (Table .2.7). 
(v) P. laevis were not found attached to the stomach 
wall; the mean attachment region of male and female 
P. laevis was between the 35% and 50% regions of the 
gut in both 0+ and 1++ fish (Tables 2.8, 2.9). There 
was a tendency for the mean position of female worms 
to be nearer the pylorus than male worms, although on one 
occasion (1/3/84), male worms were significantly nearer 
the pylorus than female worms (p < 0.05) • 
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31/5/83 
13/9/83 
8/12/83 
1/3/84 
31/5/83 
13/9/83 
8/12/83 
1/3/84 
Table 2.2 
The incidence of P. laevis in stone loach 
Infected fish Uninfected fish 
0+ 45 30 
1++ 20 5 
0+ 14 45 
1++ 24 16 
0+ 27 61 
1++ 6 1 
0+ . 27 61 
1++ 12 1 
Table 2.3 
Mean worm burden per infected fish 
(mg.:!:S.D. ) 
0+ 
6.20.:!:4.39(41) 
1.45;t1.23(14) 
2.53;t2.19(27) 
2.53;t1.63(26) 
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1++ 
12.32.:!:7.67(20) 
3.16;t2.70(24) 
4.78+2.04(6) 
4.03,:t3.17(12) 
X. 2 test 
2.476 
N.S. 
11.890 
P<O.001 
6.405 
P<0.025 
15.641 
P<0.001 
t-test 
P<O.001 
P<O.05 
P<0.02 
P<0.1 N.S. 
Table 2.4 
Mean No. of P. laevis per infected fish (+S.D.) 
= 
0+ 1++ total 
-
31/5/83 2.09j:1.26(45) 3.00j:1.34(20) P<0.02 
13/9/83 1 • 21 ±O • 80 ( 1 4 ) 2.08±1.4-7(24) P<0.05 
8/12/83 1.59±0.89(27) 2.17+1.17(6) N.S. 
-
1/3/84 1.44±0.64-(27) 1.75!.0.97(12) N. S. 
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Figure 2.3 
The incidence of infection by P. laevis 
in stone loach of different ages. 
Figure 2.4 
Mean weight of P. laevis in stone loach 
of different ages. 
Figure 2.5 
Mean numbers of P. laevis in stone loach 
of different ages. 
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Table 2.5 
Mean weight of individual P. laevis in 0+ stone loach 
(mg ! S.D.) 
Male worms Female worms t-test 
31/5/83 2.37!1.52(38) 3.59!2.44(42) P<0.01 
13/9/83 1.03+0.48(9) 1.38!1.03(8) N.S. 
8/12/83 1.22!0.61(21) 1.94!1.26(22) P<0.05 
1/3/84 2.18!1.00(13) 1.62!1·.07(21 ) N.S. 
Table 2.6 
Mean weight of individual P. laevis in 1++ stone loach 
(mg ! S.D.) 
Male worms Female worms t-test 
31/5/83 3.59:t.2.72(22) 5.33!4.09(27) N.S. 
13/9/83 1.23!1.01(28) 1.96!2.00(21) N.S. 
8/12/83 1.89:t.0.60(8) 2.27!1.14(6) N.S. 
1/3/84 3.24!2.28(7) 2.03!1.11(14) N.S. 
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Table 2.7 
Percentage of gravid female P. laevis in stone loach 
31/5/83 
13/9/83 
8/12/83 
1/3/84 
0+ 
2.2 
o 
o 
o 
75 
1++ 
12.5 
4.5 
o 
o 
Table 2.8 
Position of P. laevis in gut of 0+ stone loach 
: 
% .:!: S.D. 
Male worms Female worms t-test 
31/5/83 44.35.:t15.73(38) 43.54.:t14.84(45) N.S. 
13/9/83 
8/12/83 
1/3/84 
51.24.:t16.13(9) 
46.51.:t14.07(19) 
32.30.:t13.48(13) 
46.30.:t10.27(8) N.S. 
37.81.:t18.14(22) N.S. 
44.47.:t16.06(23) P<:O.05 
Table 2.9 
Position of P. laevis in gut of 1++ stone loach 
% .:t S.D. 
Male worms Female worms t-test 
31/5/83 44.20.:t15.20(22) 37.86.:t14.57(27) N.S. 
13/9/83 47.36.:t16.54(25) 34.94.:t14.60(22) P<O.01 
8/12/83 38.73.:t7•8O(8) 44.95.:t13.27(6) N.S. 
1/3/84 49.06.:t14 •19(7) 48.00.:t1O •48(14) N.S. 
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(vi) No appreciable changes in position of male and 
female P. laevis occurred in the guts of 0+ and 1++ over 
P • 
....... 
the sampling period (Figures 2.6, 2.7, 2.8 and 2.9). 
laevis was usually established in the intestine (the 
rectum being the last 35% of the gut, between the 65%· 
region and the anus). Very few worms were present in the 
first 10% of the gut (Figures 2.6, 2.7, 2.8 and 2.9). 
(vii) Mean individual weights of male and female 
P. laevis were highest in the 20 - 30% region of the guts 
of 0+ and 1++ stone loach, decreasing posteriorly (Figures 
2.10, 2.11, 2.12 and 2.13). 
(Viii) The proportion of the total number of worms 
found over the sampling period that were male was 0.45 
for 0+ fish and 0.48 for 1++ fish; neither proportion was 
significantly different from 0.5. 
(ix) Figure 2.14 shows the distribution of P. laevis 
within the population of 398 stone loach sampled on the 
four occasions. The distribution is significantly diff-
erent from a random (Poisson) distribution (X 2 = 57.04 
for 3 degrees of freedom; P< 0.001) and may be described 
by a negative binomial distribution (X 2 = 3.187 for 3 
degrees of freedom; P> 0.25). 
(x) The length/weight relationship was determined for 
0+ fish in the same growth stanza with high (31/5/83) 
and low (13/9/83) mean worm burdens. 
High mean worm burden 
Low mean worm burden 
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y = 2.67x - 4.485 (~0.128 S.D.) 
y = 2.62x - 4.473 (~0.128 S.D.) 
Figure 2.6 
The frequency distribution of male P. laevis in the 
guts of 0+ stone loach caught on four occasions. 
Pyloric sphincter = 0% 
Anus = 100% 
The number of infected fish examined on each occasion 
is indicated. 
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Figure 2.7 
The frequency distribution of female P. laevis in 
the guts of 0+ stone loach caught on four occasions. 
Pyloric sphincter = 0% 
Anus = 100% 
The number of infected fish examined on each occasion 
is indicated. 
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Figure 2.8 
The frequency distribution of male P. laevis in the 
guts of 1++ stone loach caught on four occasions. 
Pyloric sphincter = 0% 
Anus = 100% 
The number of infected fish examined on each occasion 
is indicated. 
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Figure 2.9 
The frequency distribution of female P. laevis in the 
guts of 1++ stone loach caught on four occasions. 
Pyloric sphincter :: 0% 
Anus :: 100% 
The number of infected fish examined on each occasion 
is indicated. 
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Figure 2.10 
The mean weight of individual male P. laevis in the 
gut of 0+ stone loach caught on four occasions. 
Pyloric sphincter = 0% 
Anus = 100% 
The number of worms used to calculate the mean is 
indicated when greater than 1. 
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Figure 2.11 
The mean weight of individual female P. laevis in 
the gut of 0+ stone loach caught on four occasions. 
Pyloric sphincter = 0% 
Anus = 100% 
The number of worms used to calculate the mean is 
indicated when greater than 1. 
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Figure 2.12 
The mean weight of individual male P. laevis in the 
gut of 1++ stone loach caught on four occasions. 
Pyloric sphincter = 0% 
Anus = 100% 
The number of worms used to calculate the mean is 
indicated when greater than 1. 
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Figure 2.13 
The mean weight of individual female P. laevis in 
the gut of 1++ stone loach caught on four occasions. 
Pyloric sphincter = 0% 
Anus = 100% 
The number of worms used to calculate the mean is 
indicated when greater than 1. 
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Figure 2.14 
Frequency distribution of P. laevis in 
a population of stone loach from the River 
Severn. 
X denotes the expected values for a 
negative binomial distribution. 
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No statistical difference occurred between the values 
of the regression coefficients. 
RAINBO\'{ TROUT 
P. laevis were not found attached to the stomach 
wall, but were distributed in the intestine and rectum. 
Pyloric caecae are present in approximately the first 23% 
of the distance between the pyloric sphincter and the anus; 
the rectum·occurred approximately between the 65% region 
and the anus. 
The mean attachment regions for male and non-gravid 
female P. laevis were similar (Table 2.10). However, 
the mean attachment region of gravid females was signifi-
cantly (p < 0.001) nearer the pylorus than the mean attach-
ment region of non-gravid females and males. 
Gravid female worms were Significantly heavier than 
non-gravid female worms (p< 0.001) and non-gravid females 
were significantly heavier than males (~< 0.001) (Table 
2.10). The more anterior distribution of gravid females 
can be seen in Figure 2.15. The distribution of both 
sexes of worm was approximately normal, although some 
slight skewness towards the pylorus was evident, particul-
arly in the distribution of gravid females. 
P. laevis were distributed throughout the trout gut 
(pylorus to anus) excepting the first 10% (Figure 2.15). 
Gravid females were not found in the 70 - 100% region. 
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Table 2.10 
Mean position and individual weight of P. laevis in 
rainbow trout gut (~S.D.) 
Male Non-gravid 
Female 
Gravid 
Female 
Position 48.70~17.09(256) 47.68~17.62(182)a 33.17~14.38(42)b 
(% of gut) 
Individual 2.22~1.00(256) 
wt (mg) 
a = non-gravid female and males; non-significant difference 
b = non-gravid female and gravid female P<:O.001 
c = non-gravid female and male P<:O.001 
d = non-gravid female and gravid females P<:O.001 
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Figure 2.15 
The frequency distribution of male, non-gravid 
female and gravid female P. laevis in the guts 
of rainbow trout (data pooled from 14 fish). 
Pyloric sphincter = 0% 
Anus = 100% 
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The highest mean individual weight of male, non-
gravid female and gravid female worms occurred in the 
first 20% of the gut, and decreased towards the anus 
. (Figure 2.16). 
The proportion of males in the total number of 
worms was 0.53, which was not statistically significantly 
different from 0.5. Approximately 19% of female worms 
were .gravid. 
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Figure 2.16 
The mean weight of individual male, non-gravid 
female and gravid female P. laevis in the gut of 
rainbow trout. 
Pyloric sphincter = 0% 
Anus = 100% 
The number of worms used to calculate the mean 
is indicated when greater than 1. 
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DISCUSSION 
The site of P. laevis in stone loach and rainbow trout 
In cyprinids, pharyngeal teeth in the oesophagus are 
likely to be the mechanism that frees the cystacanth of 
P. laevis from its gammarid intermediate host. However, 
pharyngeal teeth are lacking in stone loach and rainbow 
trout; also the horny pads in the bucco-pharyngeal 
cavity described in some cobitids (Hester, 1973) and 
which probably have a masticatory role, are absent in 
stone loach (r'lester, 1971). Therefore, in stone loach 
and rainbow trout it is likely that liberation of the 
cystacanth takes place as a result of enzymic digestion 
and disruption of the gammarid in the fish's stomach 
(Awachie, 1966; Kennedy et aI, 1976). 
Acanthocephalan cystacanths may need some sort of 
stimulus from the vertebrate host in order to become . 
active and evert their proboscides ready for attachment 
in the vertebrate host's gut. It has been demonstrated 
here that the distribution of P. laevis in the gut of 
stone loach and rainbow trout was posterior to the union 
between the bile duct and intestine (in both species, 
this union was just posterior to the pyloric sphincter, 
Chapter 3 and Weinreb and Bilstad, 1955, respectively). 
Therefore, it is possible that bile may act as an activation 
stimulus for P. laevis cystacanths, as suggested by 
Kennedy et al (1978) and for other Acanthocephala 
(Lackie, 1975). 
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The intestine of fish is involved with the digestion 
and absorption of nutrients (Kapoor et aI, 1975) and is 
likely to have a higher concentration of digestion pro-
ducts than other regions of the gut. Acanthocephala are 
known to be dependent on the material present in the lumen 
of the vertebrate host's gut for food (Edmonds, 1965; 
Hammond, 1968b, Hibbard and Cable, 1968); thus the 
anterior intestine may be the optimum region for worm 
growth. In the present study, worm growth was greatest 
in the anterior intestine, and decreased posteriorly with 
the least growth occurring in either the posterior intes-
tine (stone loach) or rectum (rainbow trout), supporting 
this view. Kennedy et al (1976) demonstrated that the 
length of P. laev1s was greatest in the 20 - 40% region 
of the preferred hosts' (chub and barbel) gut; this 
region was also the mean position (site) of the worm. 
In the present study, the site of the worm was situated 
posterior to the region of the gut where greatest growth 
occurred. This may have occurred because of the time lag 
between cystacanth activation and subsequent attachment 
of the worm - in the preferred cyprinid hosts, release 
of the worm from its gammarid host occurs in a more 
anterior region of the gut than in the species studied 
here, and this may facilitate subsequent activation. It 
is possible that worms which are activated earlier have 
a more anterior attachment site; these worms may also have 
higher innate growth rates, which could be an alternative 
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explanation for the growth distribution of P. laevis 
in stone loach and trout guts. However, this latter 
hypothesis is not supported by the work of Lee (1981) 
who demonstrated that poor growth of Acanthocephalus 
lucii in perch, Perca fluviatilis, may have been due to 
its site in the posterior intestine, having been excluded 
from its normal site in the anterior intestine by other 
parasites. Thus, the region in which the acanthocephalan 
occurs seems to be important in determining the extent of 
the worm's growth. 
In rainbow trout, gravid female worms were heavier 
than non-gravid females and males, and were only found 
in the intestine, possibly indicating that nutrient con-
centration may be a limiting factor on the ability of 
P. laevis to reproduce. Sexual dimorphism may be fre-
quently observed in Acanthocephala; female acanthocephalans 
have been recorded as being larger than males (Parshad 
and Crompton, 1981). Male and female worms may have a 
similar size and growth rate up to the point of copulation; 
thereafter females become larger, possibly at the expense 
of male worm growth (Parshad and Crompton, 1981). 
The distribution and growth of P. laevis was very 
similar in rainbow trout and stone loach. However, in 
trout, some worms were found attached in the .rectum of 
the fish. ~his may have been due to the higher intensity 
of infection in rainbow trout (Awachie, 1966; Kennedy 
et aI, 1976). 
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The site of P. laevis in rainbow trout found in the 
present study was similar to that described of P. laevis 
in the same host by Kennedy et al (1976). However, 
Kennedy (1972) and Kennedy et al (1976) did not find any 
of the differences in the sites of male and female worms, 
or between sexually mature and sexually immature worms 
noted in this study. The influence of the diet and 
husbandry conditions of the host on the site of P. laevis 
are not known, although in starved fish the site is more 
anterior, and at low temperatures worms may be found 
nearer the rectum (Kennedy, 1972). 
The site of male worms was slightly posterior to that 
of female worms in stone loach and rainbow trout. This 
may indicate either that male P. laevis are activated 
later and/or attach more slowly than female P. laevis 
or that some emigration, either of males posteriorly or 
females anteriorly had occurred. Due to the depth of 
penetration of the gut wall by the praesoma of the worm, 
and the formation of a bulb, any emigration that P. laevis 
undergoes must occur prior to attachment. In rainbow 
trout, it seems that P. laevis establishes in a site which 
it then occupies for the remainder of its life in the 
fish, although some posterior emigration may occur in 
grayling, brown trout and dace, reported by Kennedy !1 
al (1976). However, this emigration may have been due 
to the host being kept in unfavourable conditions; bulbs 
were not·formed (Kennedy et aI, 1976). 
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In other species of Acanthocephala, male worms may 
prefer a site anterior to that preferred by females; 
gravid females may be present throughout the regions of 
the gut inhabited by the species (Kennedy and Lord, 1982). 
Emigration of acanthocephalans down the alimentary tract 
of fish has been d~monstrated, with older sexually 
mature worms occurring posterior to young worms (Awachie, 
1965, 1966). 
Incidence and Intensity of Infection of stone Loach and 
Rainbow Trout 
In rainbow trout and stone loach there were similar 
proportions of male : female worms, indicating that both 
sexes probably had a similar life span in these hosts 
(Hine and Kennedy, 1974a). However, in goldfish, male 
P. laevis predominated in infections in excess of three 
weeks; Kennedy (1972) thought that this may have been 
because males survived better once established than 
females. In other species of Acanthocephala, the sex 
ratio is 1:1 initially, before tilting in favour of 
females (Pennycuick, 1971b; Valtonen, 1980b; Parshad and 
Crompton, 1981). 
Hine and Kennedy (1974a) and Rumpus (1973) demonstrated 
that, in the river Avon, P. laevis was not distributed 
evenly throughout all the size ranges of the intermediate 
host Gammarus pulex. Small (less than 5 mm) shrimps 
were seldom infected, and the incidence of infection in-
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creased with the size of gammarid. Thus, in the context 
of the present study, any small G. pulex consumed by newly 
hatched stone loach would be unlikely to contain the 
parasite. As the fish grew, because larger G. pulex 
(which were likely to have a higher incidence of P. laevis) 
were eaten, and also because the cumulative total number 
of G. pulex consumed increased, the incidence of infection 
of stone loach by P. laevis increased. The method of 
attachment of P. laevis in the stone loach gut means 
that once the worm was established, the parasite may 
be present for a considerable period, which also increased 
incidence and intensity of infection. The incidence and 
and intensity of infection of fish by P. laevis and other 
acanthocephalans is known to increase with age and size 
of the fish (Walkey, 1967; Rumpus, 1975; Valtonen, 1980a). 
No differences in the length/weight relationship were 
detected between 0+ stone loach with high and low mean 
worm burden. Unfortunately, the group with the low mean 
worm burden had a smaller mean length than the group with 
the high mean burden, and, as suggested above, it seems 
likely that the smaller fish may feed on smaller prey. 
Thus, unknown dietary differences may occur between the 
two groups, and these may have masked any effects of ~ 
laevis on the relationship. 
Growth of P. laevis occurred in stone loach, even 
during the winter (September - March) when the host's 
growth rate was reduced. During the winter, stone loach 
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feeding drops to a low level, but does not cease (Hyslop, 
1982). Presumably, from the very low growth rate during 
these months, feeding of the stone loach in this study 
was at a maintenance level. 
Increases in worm burden (total weight of worms per 
infected fish) appeared to be dependent on worm growth., 
rather than on an increase in the number of worms per 
infected fish. Hine and Kennedy (1974b) reported a high 
incidence of infection of P. laevis in stone loach from 
the river Avon, Hampshire, but the worms were small, and 
did not appear to be growing; no gravid females were 
present. In a later study, Rumpus (1975) found a high 
incidence of mature female P. laevis in stone loach, 2% 
of the female worms being gravid. A similar percentage 
of gravid females have been found in this study. 
The low proportion of gravid females in stone loach 
may be attributed to the low numbers of worms per infected 
fish, and the consequent unlikelihood of mature males and 
females copulating. The highest incidence of gravid 
female P. laevis occurred in samples of stone loach caught 
in the summer; chub (Leuciscus cephalus), dace (L. Leuciscus) 
and bullhead (Cottus gobio) are also reported as having 
the highest proportion of gravid females during this 
period (Hine and Kennedy, 1974a; Rumpus, 1975). This 
increase may be due to the increased feeding activity of 
fish during the summer; Hine (1970) failed to demonstrate 
that the increase in gravid females was due to raised 
98 
oestrogen levels in spawning fish hosts. 
The proportion of gravid female P. laevis found in 
rainbow trout in this study was similar to that reported 
from naturally infected fish in the river Avon, Hampshire 
(Kennedy et aI, 1978). 
The Distribution of P. laevis in the stone Loach population 
In this study it has been demonstrated that the 
distribution of P. laevis in the stone loach population 
was not random and could be approximated by the negative 
binomial distribution; it is likely, then, that the 
distribution of P. laevis is overdispersed in the stone 
loach population of the river Severn. Several species 
of Acanthocephala have distributions in their fish hosts 
population that are overdispersed and may be approximated 
using a negative binomial distribution (Pennycuick, 1971c, 
Amin, 1981; Lee, 1981). However, Hine and Kennedy (1974a) 
found that, although the distribution of P. laevis in 
a population of dace (L. leuciscus) was overdispersed 
and non-random, the negative binomial distribution was 
not a good approximation. This may have been due to 
different feeding strategies in dace of different ages 
(Hine and Kennedy, 1974a). 
Crofton (1971) states that an essential feature of 
a parasite is that the infection process tends to produce 
an overdispersed distribution; also heavily· infected 
hosts may be killed by the parasite. Sticklebacks 
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(Gasterosteus aculeatus) may be killed by heavy infections 
of Echinorhynchus clavula (Pennycuick, 1971c), although 
no evidence was found by Kennedy (1974) that heavy 
infections of P. laevis could kill t~e fish host. 
The overdispersion of the acanthocephalan in the fish 
population can be advantageous to both host and parasite 
in ensuring that the infection is kept to a low level with 
only a very few of the hosts becoming heavily infected 
(Pennycuick, 1971c). Overdispersion of a parasite pop-
ulation may arise because of the infected intermediate 
hosts population being aggregated (Lee, 1981; Amin, 1981) 
and the feeding strategies of intermediate and primary 
hosts changing with time (Amin, 1981). 
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CHAPTER THREE 
THE PATHOLOGY OF Pomphorhynchus laevis 
IN THE ALIMENTARY TRACTS OF STONE LOACH 
AND RAINBOW TROUT 
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INTRODUCTION 
A common consequence of acanthocephalan infection in 
the vertebrate host is damage to the mucosal epithelium 
of the gut by the metasoma of the worm. The praesoma 
m~y do little damage, except in the case of Acanthocephala 
such as Serrasentis nadakali and Acanthocephalus dirus 
where they attach to the mucosal epithelium (George. and 
Nadakal, 1981, and McDonough and Gleason, 1981, respect-
ively). Deeper penetration into the lamina propria can 
result in the formation of a collagenic capsule around 
the praesoma, for' example Echinorhynchus lageniformis 
(Prakash and Adams, 1960). Some species of acanthocephalan 
are able to penetrate the entire thickness of the gut 
wall; with the metasoma remaining in the lumen, such as 
P. laevis (Hine and Kennedy, 1974), P. bulboccoli 
(Chaicharn and Buliock, 1967; McDonough and Gleason, 
1981). Prosthenorchis elegans (Takos and Thomas, 1958). 
With complete penetration the praesoma of the parasite 
becomes encased in a nodule of collagenous tissue, which 
is visible on the surface of the gut (Wurmbach, 1937; 
Pflugfelder, 1956). It appears then that the cellular 
reaction of the host may be proportional to the depth of 
penetration of the gut wall (Bauer, 1961; Hine, 1970) • 
. Another important factor in determining the patho-
genicity of an acanthocephalan is its mobility in the gut. 
A worm that is able to detach its proboscis from the gut 
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wall can inflict a number of wounds, e.g. Gracilisentis 
gracilisentis (Jilek, 1979). 
P. laevis can cause extensive damage when present 
in the intestine of chub, dace and grayling (Hine, 1970). 
However, the mobility of the parasite, and the depth of 
penetration of the gut wall can vary, depending on the 
host species (Hine, 1970). 
In the present study, the pathological changes in the 
gut of stone loach and rainbow trout caused by the presence 
of P. laevis are described. In order to understand the 
nature of any pathological changes that are induced by 
a parasite in an organ, the structure of the organ in 
an uninfected condition needs to be known. Thus, to 
elucidate the pathology caused by the presence of P. laevis 
in the stone loach gut, the morphology and histology of 
the uninfected gut are described as little information 
is otherwise available (Sterba, 1958). 
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MATERIALS AND METHODS 
Uninfected and infected stone loach were collected 
from Markeaton Park, Derby (NGR SK/334377) and the 
river Severn at Shrawardine, Shropshire (NGR SJ/396153) , 
using F.B.A.' pond nets. The stone loach were maintained 
in the laboratory in 30x30x60 cm tanks supplied with 
constantly flowing, filtered water at approximately 190 C. 
Rainbow trout were obtained from a commercial 
hatchery and maintained and infected with P. laevis as 
described in Chapter 2. 
Fish were killed by a blow on the head, the guts 
removed and placed in cold fixative. Fixatives and staining 
schedules used have been described previously (Chapter 1). 
In order to study the anatomy of the gut, several fish 
were dissected and the gut, associated organs and their 
relative positions described. 
For scanning electron microscopy, pieces of gut were 
opened longitudinally and carefully pinned flat, with 
the mucosa uppermost, onto pieces of dental wax. Care 
was taken not to stretch or otherwise deform the 
natural state of the tissue. The pieces of gut were 
fixed for 2 - 24 hours in 5% glutaraldehyde in 0.1 sodium 
cacodylate and 0.25 M sucrose, washed in 0.1 M sodium 
cacodylate and 0.25 M sucrose (pH 7.2). The tissues were 
then post-fixed for 1 - 2 hours in 1% osmium tetroxide in 
0.1 M sodium cacodylate and dehyrated in an ethanol series. 
After clearing in an amyl acetate series, the tissues 
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were placed in a Polaron E3100 critical point drying 
apparatus and infiltrated with liquid carbon dioxide. 
Drying was carried out by heating the immersed tissue to 
370 C at 1200 p.s.i. Silver paint was used to mount the 
tissues onto metal stubs, and these were coated with gold 
using an Emscope SC500 sputter coater for 90 - 240 seconds 
at 15 mAe The tissues were examined using a lSI Super 
III A scanning electron microscope at 15 kv. 
Tissues were prepared for TEM as described in Chapter 
1. Thick (1 pm) plastic sections were cut and stained 
with toluidine blue. Acid phosphatase distribution was 
studied with the TEM, using material prepared in the 
following manner, after Hoole and Arme (1982). 
Tissues were: 
1. fixed for 1 hour in 4% glutaraldehyde in 0.12 M 
sodium cacodylate buffer (pH 7.4) at 40 C; 
2. washed for 5 minutes in sodium cacodylate buffer;" 
3. washed for 5 minutes in 0.05 M acetate buffer 
(pH 5.0); 
4. incubated for 90 minutes at room temperature in 
medium A (Appendix A); 
5. washed in 0.05 M acetate buffer (pH 5.0) briefly; 
6. washed in sodium cacodylate buffer briefly; 
7. post-fixed for 60 minutes in 1% osmium tetroxide 
in sodium cacodylate buffer; 
8. dehydrated and embedded as described for TEM 
material in Chapter 1. 
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Control tissues were prepared by omitting sodium- -
glycerophosphate from medium A. 
None of the rainbow trout examined histologically 
contained any parasites other than P. laevis. In stone 
loach, larval nematodes, Raphidascaris sp., were fre-
quently found encysted in the liver, and metacercarial 
cysts of a cotylurid trematode were present in the fish 
coelo~ These parasites were invested by very thin 
layer inflammation tissue and, in the case of the nema-
tode, no damage to the liver was apparent. 
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CHAPTER THREE 
SECTION A : UNINFECTED STONE LOACH 
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RESULTS 
Posterior to the pericardium, the alimentary tract 
consisted of the distal oesophagus, stomach, intestine 
and rectum (Figure 3.1). The stomach was separated from 
the intestine by a pyloric sphincter; no valve or 
sphincter separated intestine and rectum. 
When viewed from a ventral aspect, the gall bladder 
was found to the left of the stomach corpus, anterior 
to the intestine, and below the anterior lobe of the 
liver. A bile duct connected the gall bladder to the 
proximal intestine, just posterior to the pyloric sphincter. 
Ventrally, the liver consisted of two lobes; an 
anterior lobe near the corpus region of the stomach, and 
a posterior lobe distal to the stomach. The two lobes 
of the liver were connected by two thin strips of liver 
tissue, one on the dorsal surface of the stomach and the 
other on the ventral surface of the stomach. The intestine 
lay to the left of the posterior lobe, when viewed vent-
rally. 
The spleen was posterior to the liver,· and anterior 
to the S-shaped curve of the intestine. The gonads were 
accomodated in the curve. The rectum could be differen-
tiated from the intestine externally as the former region 
had conspicuous blood vessels. 
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Figure 3.1 
The alimentary tract and associated 
organs of the stone loach, as seen 
from ventral and lateral aspects. 
VENTRAL 
ASPECT 
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lsffI 
LATERAL 
ASPECT 
Stomach The anterior third of the C-shaped stomach 
comprised the corpus region (Plate 5A) with conspicuous 
glands; the posterior two thirds represented the non-
glandular pyloric region (Plate 5B). Several large longi-
tudinal folds occurred in the lumen of the pylorus (Plate 
5B) although in the corpus the folds were less prominent 
(Plate 5A) and their longitudinal orientation less well 
defined. The mucosal epithelial cells of the stomach 
were very distinct (Plate 5C) and possessed a ruffled 
surface (Plate 5D). Goblet cells were not present in 
the stomach, the columnar epithelial cells appearing to 
be responsible for mucopolysaccharide secretion (Table 3~1). 
Smooth muscles formed the muscularis of the stomach; the 
muscularis of the corpus was thinner than that of the 
pylorus (Plates 5A, SB). The pyloric sphincter was formed 
by a thickening of the muscularis. 
Intestine The diameter of the intestine was greatest 
anteriorly and decreased posteriorly, particularly post-
erior to the liver (Figure 3.1). The wall of the intestine 
consisted of a serosa, longitudinal muscle layer, cir-
cular muscle layer, stratum compactum, lamina propria 
and the mucosa (Figure 3.2, Plate 5E). The mucosa was 
thrown into longitudinally oriented zigzag folds 
(primary folds) (Plate SF). Each primary fold was covered 
in smaller folds, which were formed by the individual 
cells of the epithelial mucosa (secondary folding) (Plate 
6A). Microvilli were present on the apical cell surfaces 
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Plate 5 
A Stomach (corpus) Massons T.S. (58x). 
B Stomach (pylorus) T.S. (58x). 
C Apical surface of stomach mucosal epithelium (1,800x). 
D Apical surface of stomach columnar epithelial cell 
( 13, OOOx). 
E Stone loach intestine MTS T.S. (215x). 
F Mucosal folding in -stone loach intestine (long axis 
of fish runs from left to right)(40x). 
Key to plate 
c = circular muscle 
f = mucosal fold 
g = glands 
I = longitudinal muscle 
la = lamina propria 
lu = lumen 
m = muscularis 
mu = mucosal epithelium 
s = stratum compactum 
se = mucosal epithelial cell of stomach 
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I\) 
Pyloric 
stomach 
Intestine 
Rectum 
Brush 
Bo~ 
+++ 
++ 
Table 3.1 
PAS staining in the gut of stone loach 
Epithelial 
fJIucosa 
++T 
(upper part of 
cell) 
+++ 
(goblet cells 
only) 
+++ 
(goblet cells 
only although 
some epithelial 
cells have PAS + 
granules) 
Lamina 
Propria 
+ 
Key to table 
Stratum 
Compactum 
Layer 
absent 
+++ 
T++ 
+++ = intense staining 
++ = moderate staining 
+ = light staining 
+- = very light staining 
= negative 
Muscularis Serosa 
+ 
+ +++ 
+ 
Figure 3.2 
A The intestinal wall of a stone loach 
as seen in transverse section. 
B The rectal wall of a stone loach 
as seen in transverse section. 
A 
B 
JI,...:..:.:I..'-'I- J-,---......-----SEROSA 
iir'-oJ\f------1 ONGITUDINAl MUSCLE 
~~----CIRCUlAR MUSCLE 
~=tI-------C:::TRATUM COMPACTUM 
i~r6'iI~'-.I+J~~- lAMINA PROPRIA 
CaSAL EPITHELIUM 
~~ ~~ ~~~--~ EROSA 
Hrf-i::::::::o:Zi~----LONGITUDINAL MUSCLE 
~~~~---CIRCUlAR MUSCLE 
~~ 1I'--4I' ..... ~-STRATUM COMPACTUM 
~-lAMINA PROPRIA 
~--MUCOSAL EPITHELIUM 
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Plate 6 
A Intestine mucosal folds, showing secondary folding 
(180x) • 
B Apical surface of intestine columnar epithelial cell, 
showing microvilli (15,OOOx). 
C Alkaline phosphatase activity in the intestine wall 
L . s. (37 6x) • 
D Rectum of stone loach. Haematoxylin and eosin T.S. 
(215x). 
E Mucosal folding in stone loach rectum (long axis of 
body running from top to bottom)(50x). 
F Mucosal folding in stone loach rectum, demonstrating 
~econdary folding (190x). 
Key to Elate 
~ 
AT = anal tract 
c = circular muscle 
1 = longitudinal muscle 
la = lamina propria 
lu = lumen 
mu = mucosal epithelium 
s = stratum compactum 
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(Plate 6B). The main cell types in the mucosa were 
columnar epithelial cells and goblet cells. Some intra-
epithelial lymphocytes and granulocytes were also present. 
The brush border (= microvilli) demonstrated high 
alkaline phosphatase activity (Plate 6C), though esterase 
and acid phosphatase were absent (Table 3.2). All three 
enzymes were present in the epithelial cells of the mucosa; 
esterase was particularly prominent. However, staining was 
very much reduced at the base of the mucosal folds. 
Mucopolysaccharides were present in the goblet cells 
and the brush border (Table 3.1). Goblet cells varied in 
their staining abilities; only some stained for acid 
sulphated mucopolysaccharides, while most stained for non-
sulphated polysaccharides. Thus it seems that some goblet 
cells secreted a chemically different mucopolysaccharide 
to others. 
The lamina propria and endothelia contained esterase, 
and alkaline phosphatase activity occurred in the latter 
(Table 3.2). 
The stratum compactum was not cellular, and stained 
for basophilic substances. Both protein and carbohydrate 
were present. Verhoeff's haematoxylin and picrofuchsin 
was used to determine whether elastin was present in the 
stratum compactum - no elastin was evident. Some alkaline 
phosphatase activity was noted (Table 3.2). 
Very light staining for esterase and alkaline phos-
phatase occurred in the muscularis (Table 3.2). No 
.. 
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...6 
...6 
0) 
Esterase 
Alkaline 
phosphatase 
Acid 
phosphatase 
Brush 
Border 
+++ 
Table 3.2 
Distribution of enzymes in the intestinal wall 
Epithelial 
l-1ucosa (not 
base of folds) 
++ 
(certain cell in 
anterior intes-
tine in base of 
fold +++) 
+ 
+ 
Lamina 
Propria 
Stratum Muscularis 
Compactum 
+ +-
+- +-
Key to table 
+++ = intense staining 
++ = moderate staining 
+ = light staining 
+- = very light staining 
= negative 
Endothelium 
+ 
++ 
Material 
in Lumen 
++ 
glycogen was demonstrated in the intestine. 
Rectum The layers of the rectal wall were similar 
to those of the intestine. However, the lamina propria 
was thicker, and the mucosal folds smaller than in the 
intestine (Plate 6D). The mucosa of the rectum was 
thrown into longitudinally oriented zigzag folds (Plate 
6E). These folds were more continuous, smaller and 
thicker than those of the intestine (c.f. Plate 5F), 
and decreased in height towards the anal tract (Plate 
6E). Secondary folding was much reduced compared to that 
in the intestine (Plate 6F) and was mainly due to the 
presence of goblet cells which were more common than in 
the intestine. Microvilli were present on the apical 
surfaces of the epithelial cells. Intraepithelial granu-
locytes were present in the rectum. The granules were 
eosinophilic, did not stain with alcian blue or PAS 
and did not display esterase activity. 
ITo enzymes were detected in the brush border, 
though moderate levels of esterase and alkaline phospha-
tase were present in the epithelial mucosa (Table 3.3). 
','!hile goblet cells stained for mucopolysaccharide (Table 
3.1), the brush border did not. The lamina propria and 
associated endothelia stained for some esterase activity 
and moderate alkaline phosphatase activity. 
The stratum compactum and muscularis of the rectum 
were similar to those of the intestine. Ho glycogen was 
demonstrated in·the rectum. 
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~ 
CD 
Esterase 
Alkaline 
phosphatase 
Acid 
phosphatase 
TRble 3.3 
Distribution of enzymes in the rectal wall 
Brush Epithelial Lamina Stratum Muscularis 
Border P-'Iucosa. (not Propria Compactum 
- base of fo1ds) -
++ + + 
++ ++ +- +-
Key to table 
+++ = intense staining 
++ = moderate staining 
+ = light staining 
+- = very light staining 
= negative 
Endothelium Material 
in Lumen 
+-
++ +-
DISCUSSION 
Stone loach are essentially carnivorous fish 
(Smyly, 1955; Sauvonsaari, 1971; Hyslop, 1982) and con-
. 
form to the generalisation of Kapooret al (1975) that 
carnivorous fish tend to have short guts compared to 
herbivorous species of fish. 
Posterior to the oesophagus, the stone loach gut was 
divided into three regions; the stomach, intestine and 
rectum. These regions conformed to the brief description 
of stone loach gut available (Sterba, 1958) and are 
present in other members of the genus Noemacheilus 
(Khanna and Pant, 1964; Bose and Mishra, 1975b). 
The stomach of stone loach is involved with storing 
and mixing together food and the secretions from the 
glandular corpus region. The secretions are likely 
to contain enzymes such as pepsin and aCid, as have been 
described for other fish (Barrington, 1942, 1957). The 
thick musculature of the pyloric region of the stone 
loach stomach implies that this region was involved in 
the breaking up of food. 
The appearance of the apical surface of the gastric 
epithelia cells of stone loach was similar to that des-
cribed by Ezeasor and Stokoe (198Gb) for S. gairdneri. 
However, in rainbow trout, microvilli were present around 
the perimeter of each epithelial cell, and may have had 
an absorptive role, possibly for lipid (Barrington, 1942). 
Because of the absence of microvilli of this type on 
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stone loach gastric epithelial cells, it does seem unlikely 
that the stone loach stomach had an absorptive role. 
The ruffled surface of the gastric epithelial cells 
described here for stone loach and for rainbow trout by 
Ezeasor and Stokoe (1980b) may be due to mucus vesicles. 
The gastric epithelium of stone loach has been shown to 
stain for PAS+ material in this study, and also by 
~estern (1971), and it is likely that this was mucopoly-
saccharide secreted by the gastric epithelium (Western, 
1971). 
With the exception of the presence of the stratum 
compactum and the stratum granulosum, the structure of the 
intestinal wall of teleosts is fairly uniform (Kapoor 
et aI, 1975). The arrangement of the mucosal folds and 
the cell types that comprise the mucosal epithelium of 
stone loach intestine were very similar to those described 
for some other fish (Rogick, 1931; AI-Hussaini, 1946; 
Weinreb and Bilstad, 1955; Pasha, 1964; Hale, 1965; Bullock, 
1967; Chaicharn and Bullock, 1967; Iwai, 1968b; Gauthier 
and Landis, 1972). 
Levels and distribution of alkaline phosphatase, 
acid phosphatase and esterase in the stone loach intestinel 
rectum appeared similar to those reported from other 
teleosts (AI-Hussaini, 1949b; Weinreb and Bilstad, 1955; 
Makino, 1963; Bullock, 1963, 1967; Chaicharn and Bullock, 
1967; Mester et aI, 1972; Hah and Kim, 1974; Ono and 
Yakota, 1975). Alkaline phosphatase may be indicative of 
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active uptake of digestion products (AI-Hussaini, 1949b; 
Stokes and Fromm, 1964; Ono and Yakota, 1975); therefore, 
in the stone loach, it is likely that most of the active 
uptake of nutrients took place at the top of the intestinal 
mucosal folds. Less alkaline phosphatase activity 
occurred in the rectum and at the base of intestinal 
folds; consequently these locations were probably less 
important in transport. Alkaline phosphatase activity 
was also present in the endothelia in the lamina propria 
of the stone loach intestine and rectum. This association 
may denote that active transport for nutrients from the 
muscosa into the blood vessels occurred, as 'proposed by 
Prakash (1961). 
Little change in esterase activity occurred between 
the intestine and rectum of stone loach. Esterase 
activity may denote intracellular hydrolysis of absorbed 
carboxylic acids and transportation of the carboxylic 
acids and alcohols across the columnar cells into the 
blood system where re-esterification probably occurs 
(Rostgaard and Barrnett, 1965; Mester et aI, 1972). Thus, 
in stone loach, uptake and transport of esters may occur 
throughout the intestine and rectum. The intraepithelial 
cells in the anterior intestine that stained intensely 
for esterase may have been macrophages or basophils as 
these cells are known to display esterase activity (Turk 
and Narayanan, 1982; Bancroft and Stevens, 1983). 
In the present study, stone loach did not appear to 
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use tissues of the intestine or rectum for storage of 
glycogen, and similar observations have been made for 
other fish species (AI-Hussaini, 1946, 1949b; Chaicharn 
and Bullock, 1967; Bucke, 1971). 
PAS-positive granules were seen in rectal mucosal 
epithelial cells~ but were not glycogen. Other workers 
have reported a similar PAS-positive region (Gauthier 
and Landis, 1972) , and this may indicate that pinocytosis 
of protein was occurring in the rectum (Iwai, 1968a, 1968b; 
Gauthier and Landis, 1972; Ezeasor and Stokoe, 1981). 
The number of goblet cells was greater in the stone 
loach rectum than in the intestine, suggesting that mucus 
production may be greater in the former region; it is 
likely that excretion of faeces from the rectum is faci-
litated by the presence of this mucus. Goblet cell 
number increases in the posterior gut of several other 
fish (Rogick, 1931; AI-Hussaini, 1949a; Chaudry and 
Khandelwal, 1961; Hale, 1965; Bullock, 1967; Chaicharn 
and Bullock, 1967; Western, 1971). 
Several types of mucopolysaccharide were demonstrated 
to be produced by stone loach goblet cells in the present 
study, supporting earlier work on cobitids (Western, 1971; 
Bose and Mishra, 1975a). 
Baecker (1940) was of the opinion that although 
the stratum compactum may be important in preventing 
perforation of the gut, its main role was ~o counteract 
distension of the gut due to overfeeding. The intestine 
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of Salmo trutta possesses a thick stratum compactum and 
cannot distend to the extent of intestine of fish species 
lacking this layer (Burnstock, 1959). It seems likely, 
then, that the stratum compactum in stone loach intestine 
may act as in S. trutta, preventing overdistension and 
perforation of the gut wall. 
In some species of fish, particularly salmonids, 
the stratum compactum is associated with a layer of 
granular cells, the stratum granulosum (Greene, 1912; 
Weinreb and Bilstad, 1955; Burnstock, 1959; Hine, 1970; 
Bucke, 1971; Kimura and Kudo, 1975; Ezeasor and Stokoe, 
1980a). This association led Burnstock (1959) to suggest 
that, since the stratum compactum was formed mainly of 
collagen (as demonstrated by that author using X-ray 
diffraction analysis), the stratum granulosum was a 
layer of active fibroblasts, producing the stratum 
compactum. However, a later study demonstrated that this 
was not the case and the function of the stratum granu-
losum is still unclear (Ezeasor and Stokoe, 1980a). In 
S. gairdneri, the formation of the stratum compactum 
occurs before the formation of the stratum granulosum, 
suggesting that the later stratum may develop as the 
stratum compactum offered resistance to the movement of 
motile cells (Bergeron and Woodward, 1982). Bearing these 
previous studies in mind, the absence of a stratum granu-
losum in the presence of a stratum compactum in the stone 
loach gut detracts from Burnstock's view and implies that 
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the granulocytes that form the stratum granulosum in 
other fish are absent from, or behave differently in, 
stone loach. 
Some species of the Cobitidae are known to use their 
intestines for aerial respiration (Wu and Chang, 1945; 
Jasinski, 1973; Mester, 1973b, Mester and Babes, 1977). 
None of the features associated with aerial respiration 
(e.g. large intraepithelial capillaries) were seen in 
stone loach during the course of this study. Mester 
(1973b) thought it likely that stone loach may use their 
intestine for aerial respiration, but only when threatened 
by anoxia. Therefore, as the river Severn is well oxy-
genated, it seems improbable that the stone loach in this 
river respire in this fashion. 
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RESULTS 
P. laevis was never found attached to the stomach wall 
of the stone loach; the commonest location was in the 
intestine, although a few worms attached to the rectal 
wall. Usually, the point of attachment was anterior to 
the body of the worm, the bodies of some worms attached 
to the intestine extended into the rectum. 
Primary and secondary mucosal folding was often absent 
in the immediate vicinity of the worm (Plate 7A), although 
the mucosal epithelium was usually present. Away from 
the point of attachment, mucosal folding increased 
(Plate 18), but was often abnormal (Plate 7C), and 
flattened (Plates 7D, 7E). The cells of the mucosal 
epithelium appeared compressed by the worm. Rarely, 
some disruption in the cobblestone appearance of the 
microvilli occurred which may have been caused by the 
presence of the worm (Plate 7F). However, light micro-
scopy indicated that alkaline phosphatase, acid phos-
phatase and esterase activity were not appreciably dimin-
shed in the compressed mucosal epithalium. 
It is unlikely that the mucosal flattening observed 
in the presence of P. laevis was solely caused by gut 
distension, since the method of specimen preparation for 
the SEM (i.e. a longitudinal incision exposing the 
mucosal surface) would have relieved any distension 
caused by the parasite. 
In regions of the gut not penetrated by P. laevis 
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Plate 7 
A P. laevis attached to the intestine of stone loach (90x) 
B P. laevis attached to the intestine of stone loach -
note flattening of intestinal mucosal folds (50x). 
C Abnormal folding (*) of intestine mucosa adjacent to 
P. laevis (70x) . 
D Flattening of intestinal mucosal folds(*) adjacent to 
P. laevis (70x) . 
E Flattening of intestinal mucosal folds by P . laevis . 
Haematoxylin and eosin T. S. (249x) . 
F Microvilli of columnar epithelial cell from a region of 
the mucosa not adjacent to P. laevis (17 , OOOx) . 
G Microvilli of columnar epithelial cell adjacent to 
P. laevis (21 , 200x) . 
Key to plate 
c = circular muscle 
ce = columnar epithelial cell 
1 = longitudinal muscle 
la = lamina propria 
lu = lumen 
mc = mucus 
mu = mucosal epithelium 
mv = microvilli 
PI = P . laevis 
s = stratum compactum 
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but adjacent to the worm, the lamina propria occasionally 
appeared enlarged and contained a cellular infiltrate 
(Plate 7E). Also, the stratum compactum was sometimes 
absent, and fibrous tissue -was observed within the muscu-
laris. However, no changes in the numbers or cytochemical 
staining of the intraepithelial granulocytes occurred. 
In multiple infections, or when large specimens, of 
P. laevis were present, the gut lumen often appeared to 
be occluded. Also damage to the gut wall was more severe 
with the mucosal epithelium appearing abraded (Plate 8A) 
or even absent (Plates 8B, 8C). Occasionally, the 
muscularis appeared to have been replaced by connective 
tissue (Plates 8B, 8C). Loss of the mucosa may be 
attributed to abrasion and entrapment between folds of 
the metasoma (Plate 8B). Gaps were sometimes present 
between epithelial cells in the flattened mucosa (Plate 
8D). 
Infiltration of the mucosa by granulocytes and leuco-
cytes occurred. No changes in goblet cell number were 
apparent with infection. A layer of mucopolysaccharide 
was present in the lumen around the worm and had similar 
staining characteristics to goblet cell mucopolysaccharide. 
In the SEM preparations, mucus appeared to be more pre-
valent in stone loach guts when infected by P. laevis 
than in uninfected guts (Plates 7A, 7B, 7C). 
The praesoma of P. laevis normally penetrated the en-
tire thickness of the gut wall, and was not constricted 
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Plate 8 
A Abraded mucosal epithelium(*) in intestine of stone 
loach PAS L. S . (253x). Note inflammation tissue on 
exterior of gut. 
B Severely damaged intestine, with complete loss of 
mucosal epithelium. Note entrapment of material(*) 
between metasomal folds of P. laevis. 
Haematoxylin and eosin L. S. (294x). 
C Severely damaged intestine, with abnormal lamina propria 
and muscularis MTS (198x). 
D Flattened rectal mucosa. Note gaps between columnar 
epithelial cells PAS L.S. (251x). 
E Inflammation tissue formed around the neck of P. laevis, 
in a region of posterior intestine adjacent to the stone 
loach ovary. Note acidophilic(*) tissue adjacent to 
P. laevis Massons T.S. (58x). 
F Inflammation tissue enveloping proboscis and bulb of 
P. laevis MTS L.S. (199x). 
Key to plate 
Bu = bulb of P. laevis 
c = circular muscle 
IT = inflammation tissue 
1 = longitudinal muscle 
lu = lumen 
m = muscularis 
mil = mucosal epithelium 
ov = ovary Pr = proboscis 
PI = P . laevis s = stratum compactum 
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by any tissues of the gut (Plate 8E). Bulbs were present 
on all of the worms examined and usually formed outside 
the serosa. The organs most commonly penetrated by the 
proboscis were the liver and gonads (Plate 8E), although 
penetration of the spleen and body wall musculature also 
occurred. In one fish examined, the proboscis and bulb 
of P. laevis had penetrated the spleen, resulting in a 
large necrotic region in that organ. 
The praesoma was usually covered by fibrous in-
flammation tissue (Plates SE, SF). Tissues around the 
neck were often intensely eosinophilic and acidophilic, 
although further from the worm, the tissues were baso-
philic (Plate 8E). The inflammation tissue was often 
thickest around the neck, where the worm was in contact 
with the damaged gut tissues. Less inflammation tissue 
was present around the bulb and proboscis. 
Infrequently, what appeared to be multinucleate clumps 
of cytoplasm were evident within the inflammation tissue 
(Plate 9A); these may have been giant cells. Whether 
they formed as part of the host reaction tissue in response 
to the acanthocephalan, or in response to some other 
factor, such as bacteria, is not known. Material which 
appeared~ in part, to consist of diatom frustules was 
often observed within the inflammation tissue; similar 
frustules were seen within the gut lumen. 
Using light miscroscopy,esterase activity was shown 
to occur in the inflammation tissue (Plate 9B), but was 
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Plate 9 
A Giant cell(?) in stone loach inflammation tissue 
Haematoxylin and eosin L.S. (742x). 
B Esterase activity associated with stone loach intestine 
and inflammation tissue T.S. (60x). 
C Vascularised inflammation tissue formed around P. 
laevis. Haematoxylin and eosin L.S. (193x). 
D Inflammation tissue adjacent to integument of P. laevis 
Note the non-fibrous layer MTS L.S. (736x). 
E Granulocytes in the inflammation tissue formed 
around P. laevis MTS L.S. (726x). 
F A capillary within the s·tone loach inflammation tissue, 
together with adjacent cells (2,500x). 
Key to plate 
ca = capillary 
er = erythrocyte 
f = fibroblast 
g1 = G1 granulocyte 
g2 = G2 granulocyte 
GC = giant cell(?) 
gr = granulocytes 
IT = inflammation tissue 
lu = lumen 
m = muscularis 
mu = mucosal epithelium 
No = non-fibrous layer adjacent to P. laevis 
PI = P. laevis 
s = stratum compactum 
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not attributable to a particular type of cell. No acid 
or alkaline phosphatase activity was demonstrated. 
The inflammation tissue was fibrous and vascularised 
(Plate 9C). Rarely, a non-fibrous layer of cells lay 
immediately next to the worm. Within this layer, two 
types of cell were present, some with small, darkly-
staining nuclei and others with larger, lightly-staining 
nuclei (Plate ~D). However, this layer was not examined 
with the TEM. 
Within the inflammation tissue, three types of cell 
predominated: 
1. Granulocytes Using light microscopy, the 
granulocytes appeared as round or oval cells, with 
finely granular cytoplasm (Plate 9E). The cytoplasm 
appeared to contain non-sulphated mucopolysaccharides and 
glycogen. The granules were not metachromatic with 
aniline blue, toluidine blue or aldehyde fuchsin. Some 
cells contained acidophilic granules, while others con-
tained basophilic granules. Alcian blue and aldehyde 
fuchsin did not stain the granules, although they were 
PAS-positive after salivary amylase digestion. 
In TEM sections, two types of granulocyte were ob-
served: 
a) Type 1 (G1). This was the commonest granulocyte 
(Plate 9F), and was probably the granulocyte seen with 
the light microscope. The cells were 7.0 x 4.7 pm 
(range 4.4 - 11.0 x 2.4 - 7.3 pm). Typically, the 
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eccentric nucleus was ellipsoid in shape and occupied a 
quarter to a third of the area of the cell as seen in 
sections. Heterochromatin was conspicuous within the 
nucleus (Plate 10A). The cytoplasm was fairly darkly 
staining and Golgi complexes, smooth endoplasmic reti-
culum (SER), rough endoplasmic reticulum (RER) and large 
amounts of glycogen were present (Plate 10A). The 
surface of the cells formed processes and vesicles con-
taining material of an unknown nature. The osmiophilic 
granules did not indent the nucleus and occurred through-
out the cytoplasm. They were ellipsoid, bounded by a 
plasma membrane and were 288 x 366 nm (range 72 - 466 x 
72 - 728 nm) in size. The granules were electron dense 
and within them electron-opaque regions were often pre-
sent, in the form of an irregularly-shaped core, or as 
a bar (Plate 10A and 10B). Occasionally, the core 
appeared granular. Some acid phosphatase activity was 
demonstrated, mainly in the periphery of a few of the 
granules (Plate 10C). Cells with lighter-staining cyto-
plasm and larger muclei, but containing G1 granules were 
observed in the outer layers of the inflammation tissue, 
and near the worm; these may have been degenerating G1 
cells. 
b) Type 2 (G2). These granulocytes were a similar 
size to the G1 cells, 6.4 x 4.9prn (range 5.0 - 8.6 x 
2.3 - 8.6 pm), but the granules were larger and fewer 
in number - 380 x 530 nm (range 176 - 704 x 220 - 1056 nm) 
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Plate 10 
A G1 granulocyte (23,000x)." 
B Granules within type 1 granulocyte (28,700x). 
C Acid phosphatase activity in periphery of granules 
(28, 600x) . 
D G2 granulocyte (13,400x). 
E Small cylindrical granules within type 2 granulocyte 
( 18, 200x) • 
F G1 granulocytes and fibroblasts present amongst collagen 
(5,800x). 
G Macrophage (?) (8,100x). 
H G1 granulocytes adjacent to P . laevis. Note presence 
of free granules and organelles(*). (8,300x). 
Key to plate 
col = collagen 
f = fibroblast 
g = glycogen 
g1 = G1 granulocyte 
g2 = G2 granulocyte 
Go = Golgi bodies 
mt = mitochondrion 
n = nucleus 
0 = granules 
pg = phagosome? 
PI = P. laevis 
rer = rough endoplasmic reticulum 
ser = smooth endoplasmic reticulum 
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(Plates 9F and 10D). The granules occasionally possessed 
electron-light cores, in the form of spheroids or bars. 
Small, electron-dense granules were also present in the 
cytoplasm, and often had the form of cylinders, 102 x 
163 nm (range 88 - 132 x 88 - 484 nm) (Plate 10E). 
Both G1 and G2 cells were present within capillaries 
in the inflammation tissue (Plate 9F), and were very 
rounded. G1 cells, particularly, were more irregular 
in shape when outside the capillaries (Plate 10F). 
2. Erythrocytes r10st of the erythrocytes that 
were present in the inflammation tissue were within the 
capillaries (Plate 9F); some, however, were seen outside 
the blood vessels (Plate 9F). The cells were typically 
ellipsoid in shape, with a centrally placed, darkly-
staining nucleus. Even when studied in ultrathin sections, 
the cytoplasm was homogeneous, with very few organelles 
present. 
3. Pibroblasts These were very elongate cells, with 
many long cytoplasmic processes present amongst the 
collagen (Plate 9F and 10F). Vlhen examined by TEM, the 
large nuclei were lightly-staining, with only a thin rim 
of heterchromatin around the edge of the nucleus. The 
cytoplasm contained large prominent mitochondria and 
plentiful RER. Vacuoles were present around the periphery 
of the cell. 
The amount of collagen in' the inflammation tissue was 
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very variable. ':/hen a lot of collagen was present, G1 
cells and fibroblasts were the principal cell types 
(Plate 10F). With less collagen, some G2 cells were also 
present (Plate 10F). Rarely, cells that appeared to be 
macrophages were seen (Plate 10G). These were irregularly-
shaped cells, with many vacuoles, some of which may have 
been phagosomes. 
"Where the inflammation tissue was adjacent to P. laevis 
there was a noticeable disruption in the appearance of 
the G1 cells, and free G1 granules were present (Plate 
10H). A gap containing the praesomal surface layer or 
granular material was sometimes present between the worm 
and the inflammation tissue. In all the sections studied, 
no signs of any damage to, or penetration of, the prae-
somal integument of P. laevis by any cells of the stone 
.. loach were seen. 
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DISCUSSION 
The effects of P. laevis on the stone loach gut may 
be broadly divided into a) the mechanical effects of the 
physical presence of the worm, and b) the host response 
to the parasite-induced damage. 
MECHANICAL EFFECTS 
Physical presence of the worm caused flattening and 
erosion of the mucosa and occasionally, owing to the l~ss 
of the mucosa, exposed the lamina propria to the lumen 
of the stone loach gut. Hine (1970) found a similar 
situation with P. laevis in chub, L. cephalus, where heavy 
infections of worms completely destroyed the mucosa and 
submucosa, leaving considerable areas of the foregut 
devoid of absorptive layers (also Saidov, 1953). 
Mucosal abrasion is a common feature of acanthocephalan 
infection in fish (Venard and Warfel, 1952; Prakash and 
Adams, 1960; Bullock, 1963; Chaicharn and Bullock, 1967; 
Esch and Huffines, 1973; Jilek, 1979: George and Nadakal, 
1981: McDonough and Gleason, 1981). Pippy (1969) observed 
that heavy infections of P. laevis distended the gut of 
Salmo salar smoults and appeared to block the gut, al-
though all fish appeared normal. Occlusion of the gut has 
also been described by Bauer (1961) for Echinorhynchus 
trutta and Jilek (1979) for Gracilisentis gracilisentis. 
Although goblet cell number did not increase in 
infected stone loach, there may have been an increase in 
the amount of mucus, suggesting that the goblet cells 
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were more active. A similar situation was described by 
Jilek (1979), although salmonids infected with Acantho-
cephalus jacksoni did have elevated numbers of goblet 
cells (Bullock, 1963). Some other fish are also known 
to increase gut mucus secretion when infected by 
Acanthocephala (Marochino, 1926; George and Nadakal, 1981; 
McDonough and Gleason, 1981). 
Near P. laevis, the mucosal epithelium appeared ab-
normal; the lateral detachment of epithelial ce~ls may 
have been a preliminary stage leading to the loss of the 
mucosal epithelium. Stone loach mucosal epithelium did 
not differ in its staining for acid phosphatase, alkaline 
phosphatase and esterase, suggesting that, when the mucosal 
epithelium was present during P. laevis infection, it 
functioned in a normal manner. The mucosal epithelium 
, 
of fish infected by other species of Acanthocephala may 
be Similarly unaffected by the parasite (Bullock, 1963; 
Chaicharn and Bullock, 1967), although the former author 
noted that when compressed, epithelial cells became more 
basophilic. 
The flattening and erosion of the mucosa caused in the 
stone loach gut by P. laevis were similar to the villous 
atrophy induced in the mammalian intestine by various 
species of nematode (Barker, 1973; Coop et aI, 1973). 
Protozoa, nematodes and, as demonstrated here, acantho-
cephalans appear to affect the structure of the epithelial 
microvilli of the gut in a similar manner (Symons, 1969, 
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1976; Barker, 1973; Coop et aI, 1973; Madge, 1974; Michael 
and Hodges, 1975). Similarities in the disruption of the 
microvilli of the epithelial cell by a diversity of para-
site species suggest that this is a common response of 
the mucosal epithelial cell to various mechanical and 
chemical injuries (Castro, 1980). 
The increase in the thickness of the lamina propria 
observed in stone loach has been reported for other fish 
infected with acanthocephalans (Bullock, 1963; Chaicharn 
and Bullock, 1967; George and Nadakal, 1981). The marked 
cellular infiltration of the lamina propria during the 
course of infection by P. laevis may represent a part of 
the immune response of the stone loach, as the cells of 
the lamina propria are considered to prevent invasion 
of the body tissues by organisms in the gut lumen (Deane, 
1964). 
In the present study, stone loach intestinal and rectal 
muscularis did not thicken noticeably during infection as 
described during other acanthocephalan infections (Bullock 
1963; Chaicharn and Bullock, 1967; George and Nadakal, 
1981), possibly because of the large size of the worm 
relative to the gut; any thickening may have been masked 
by gut distension. The disruption of the normal muscularis 
seen in infected stone loach has been observed in other 
fish infected by P. laevis (Hine, 1970; Hine and Kennedy, 
1974b). The severe damage to the stone loach muscularis 
could presumably lead to abnormal gut movements, or even 
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cessation of gut movement. Loss of the normal functioning 
of the gut muscularis has been noted in specimens of 
Cottus bairdi infected with an acanthocephalan (Schmidt, 
1974). 
The complete penetration of the stone loach gut wall 
by P. laevis brought the metasoma into close contact 
with the mucosa, which suffered consequent flattening and 
abrasion. The neck of P. laevis formed a tunnel in the 
gut wall, which penetrated every layer; in stone loach, 
the praesoma was not 'pinched' by any gut layers, although 
Pippy (1969) found that the muscularis mucosae of salmon 
smoults pinched the neck of P. laevis. This may have 
helped prevent the gut contents from passing into the 
body cavity of the salmon. 
The histological changes in the fish intestine caused 
by Acanthocephala may be correlated with the depth of 
penetration of the gut wall by the proboscis (Bauer, 1961; 
Chaicharn and Bullock, 1967) and, in the case of P. laevis, 
with the formation of a bulb (Hine and Kennedy, 1974b). 
These observations are supported by the present work, 
in which the histological changes were great, and 
complete penetration, plus bulb formation occurred; 
however, the major factor in determining the degree of 
damage caused by P. laevis in the stone loach was probably 
the large size of the parasite relative to the gut. 
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HOST RESPONSE 
The host response of stone loach to the presence of 
P. laevis was one of fibrosis and encapsulation, with 
the capsule of inflammation tissue present around the 
proboscis, bulb and neck, being visible on the external 
surface of the gut. With other acanthocephalan infections, 
capsule formation may not occur, although connective tissue 
proliferation and the presence of inflammatory cells is 
common (Venard and Warfel, 1952; Bullock, 1963; Chaicharn 
and Bullock, 1967; Esch and Huffines, 1973; Jilek, 1979; 
George and Nadakal, 1981). 
The presence of giant cells in the stone loach in-
flammation tissue induced by P. laevis indicates the 
chronic nature of the inflammation. Giant cells have been 
identified in other fish infected with acanthocephalans 
(P~akash and Adams, 1960; Bullock, 1963), although as in 
stone loach, they were infrequent. 
The inflammation tissue forming the capsule may aid 
the fish by preventing the gut contents from contaminating 
the body cavity, perhaps causing peritonitis (Pippy, 19E9) 
although Hine (1970) reported the death of two grayling, 
Thymallus thymallus, infected with P. laevis; these fish 
appeared to have died because of bacterial infection of 
the coelom. During the present study, diatom frustules 
were seen in the inflammation tissue that were very simi-
lar to frustules present in the gut lumen; similar findings 
of calcified spicules have been made by George and Nadakal 
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(1981) in Rachycentron canadus infected with Serrasentis 
serrasentis. They concluded that the spicules were 
originally part of the gut contents. It seems likely then 
that some material from the stone loach gut lumen was 
carried into the gut wall at the time of attachment by 
P. laevisj however, the subsequent formation of the fibrous 
inflammation tissue prevented this influx of gut material 
occurring throughout the duration of the acanthocephalan 
infection. 
Granulocytes have been previously reported in fish 
inflammatory responses to acanthocephalan infection 
(Bullock, 1963; Chaicharn and 3ullock, 1967; Hine, 1970; 
Esch and ?uffines, 1973; T·1cDonough and Gleason, 1981). 
Hine (1970) suggested that the presence of granulocytes 
was correlated with the penetration of the lamina propria 
by the acanthocephalan. 
The differences in the cellular components of the 
inflammation tissue appeared to correlate with the amount 
of collagen present. Possibly the inflammation was acute 
when G1 cells, G2 cells, a few macrophages and little 
collagen were present, and chronic when G1 cells, fibro-
blasts and large amounts of collagen were present. 
As both types of stone loach granUlocyte were 
observed within the lumen of a capillary, it is likely that 
these cells were leucocytes that were able to migrate from 
the peripheral blood into the inflammation tissue around 
P. laevis. 
142 
The absence of staining with eosin by G1 granules 
suggests that the G1 cells were unlikely to be eosino-
phils, although the granules were very similar to those 
described for mammalian eosinophils by Gleich (1977). 
However, in a recent study by Ishizeki et al (1984), 
eosinophils and their precursors were described from the 
cobitid Misgurnus anguillicaudatus; these eosinophils 
tended to have one large granule, and were very dis-
similar to the stone loach G1 cells and granules. 
Although the eosinophils of some species of fish 
possess granules with electron-dense cores (Weinreb, 1963), 
other species' eosinophils lack granules of this type 
(Clawson et aI, 1966; Lester and Desser, 1975; Morrow 
and Pulsford, 1980). Thus, the appearance of the granules 
in the stone loach may not be taken as evidence for the 
cell being an eosinophil. 
Kelenyi and Nemeth (1969) described fish neutrophils 
containing granules with electron-dense cores, and Ishizeki 
et al (1984) described a heterophil with a very similar 
appearance to the stone loach G1 cell. Therefore, morpho-
logically the G1 cell may be akin to a neutrophil/ 
heterophil. 
Cytochemically, the peripheral distribution of acid 
phosphatase in some of the granules of the G1 cell is 
reminiscent of the immature granules of avian heterophils 
described by Maxwell (1984). Alkaline phosphatase 
characteristic of neutrophils (Garavini et aI, 1981) was 
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absent in the light microscopy preparations. In other 
acanthocephalan infections, alkaline phosphatase activity 
has been demonstrated in the inflammation tissue 
(Bogitsh, 1961; Chaicharn and Bullock, 1967) and in the 
latter case probably indicated the presence of neutrophils. 
The G1 cells of stone loach were PAS-positive after 
salivary amylase digestion; various granulocytes with 
this feature have been described from teleosts and desig-
nated heterophils (Blaxhall and Daisley, 1973; Ellis, 
1976), macrophages (Sommerville, 1981) and PAS GL cells 
(Barber and Westerman, 1975, 1978); the latter cell type 
being a basophil/mast cell precursor (Barber and Westerman, 
1978). Thus, clear identification of the G1 cell of 
stone loach does not appear possible at the moment. 
The observation that the inflammation tissue formed 
around P. laevis by the stone loach was esterase positive 
may indicate that epithelioid cells, macrophages or mast 
cells were present, as these cell types are known to dis-
play esterase activity (Turk and Narayanan, 1982; Bancroft 
and Stevens, 1982). 
Various types of granulocyte involved in a teleost 
inflammatory response against a parasite, Ligula intesti-
nalis, have been described by Hoole and Arme (1982, 1983a, 
1983b, 1983c). However, morphologically, stone loach 
G1 and G2 cells bear little resemblance to these granulo-
cytes. The cells i~ the stone loach inflammation tissue 
described as macrophages appear similar to the L1 leuco-
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cyte of Hoole and Arme (1982) •. 
The disruption of tne G1 cells adjacent to the integu-
ment of P. laevis may have been part of the normal 
degranulation of this cell type. However, it is possible 
that the cells were damaged by P. laevis in some manner, 
either mechanically by abrasion with the praesomal 
integument, or perhaps by a cytotoxic substance. In 
Chapter 1, evidence that the praesomal integument of ~ 
laevis is covered in a lipid-like surface layer was pre-
sented. Some fatty acids have the ability to lyse 
mammalian erythrocytes (Laser et aI, 1975), and it is 
possible that a substance of this nature occurs in the 
praesomal surface layer of P. laevis. 
During the course of the present study, stone loach 
inflammatory cells were never observed penetrating the 
integument of P. laevis; neither was any damage to P. 
laevis seen. This suggests that, although the stone loach 
responds to infection by P. laevis by means of an intense 
inflammatory response, it is not capable of rejecting 
the parasite. 
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CHAPTER THREE 
SECTION C : INFECTED RAINBOW TROUT 
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RESULTS 
Uninfected intestinal mucosa had large zigzag primary 
folds (Plate 11A). The surface of each primary fold was 
covered with numerous depressions and creases (secondary 
folding), which prob~bly indicated the openings of goblet 
cells (Plate 11B). On the apical surface of the epithelial 
cells, tightly packed microvilli were present. 
The normal rectum had very prominent mucosal folds 
(annulo-spiral septae) arranged around the circumference 
of the lumen; these were buttressed laterally by additional 
mucosal folds. 
P. laevis was usually attached in the intestine. 
Relative to the size of the worm, the wall of the trout 
intestine was thick, and the lumen large (c.f. stone loach 
gut). Beyond the immediate vicinity of the worm, the gut 
mucosa appeared normal; no compression or abrasion were 
apparent (Plate 11B). 
Usually, adjacent to the worm, the mucosal folds, 
together with the columnar epithelial cells had a dis-
turbed or flattened appearance (Plates 11C, 11D, 11E, 11F). 
The degree of damage was greatest nearest the worm (Plate 
11E). Fewer goblet cells occurred in this region than 
in the normal mucosal epithelium (Plate 11D). 
A gap between the flattened mucosa and the neck of 
the worm was rarely present (c.f. stone loach).' The meta-
soma often abraded the mucosa, creating a crater in the 
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Plate 11 
A Normal mucosal folding in rainbow trout intestine (100x). 
B Intestine of rainbow trout not adjacent to P. laevis 
MTS T.S. (196x). 
c P. laevis attached to intestine of rainbow trout. Note 
abnormal folding adjacent to neck. (60x). 
D Flattened mucosal folds adjacent to P. laevis 
Haematoxylin and eosin T.S. (194x). 
E Damaged intestine next to attachment region of P. laevis 
(120x). 
F Damaged intestine adjacent to several P. laevis (44x). 
Key to plate 
A = abraded mucosal folds 
c = circular muscle 
f = mucosal fold 
1 = longitudinal muscle 
la = lamina propria 
lu = lumen 
mu = mucosal epithelium 
PI = P. laevis 
s = stratum compactum 
sg = stratum granulosum 
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tissue around the worm (Plate 12A). The normal folding 
of the intestine was replaced by abraded ridges of mucosa 
encompassing the worm (Plate 11E). 
It was necessary to cut away the metasoma to see 
the underlying mucosa. This was.done after the tissues 
had been mounted on stubs, and was readily accomplished, 
owing to the brittleness of the tissues (Plate 12B). 
A lot of mucus was present between the worm and the 
mucosa. The metasoma of P. laevis formed a crater in the 
underlying mucosa (Plates 12A, 12B). Epithelial cells 
with a disturbed arrangement of microvilli were present 
on the lir, of the crater. The floor of the crater 
appeared to consist of bacteria and mucouS pressed into 
the apical surface of the epithelial cells (Plate 120). 
The praesoma of the worm usually penetrated the mucosa, 
lamina propria, stratum compactum, stratum granulosum, 
muscularis and serosa (Plate 12D). Around the praesoma 
was a region of inflammation tissue, isolating the worm 
and the gut lumen from the trout body cavity. This host 
reaction tissue was found to cover quite a large area, 
and in some cases, was present away from the immediate 
vicinity of the worm. At the site of the damage, the 
lamina propria was thickened and the stratum compactum, 
stratum granulosum and muscularis were disrupted (Plate 
12D, 12E). However, the degree of disruption was very 
variable. A notable feature of the inflammation tissue 
around the neck of the worm was the presence of large 
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Plate 12 
A Crater formed by the metasoma of P. laevis in trout 
intestinal mucosa(*)(80x). 
B Abnormal mucosal folding surrounding crater formed by 
the metasoma of P. laevis in trout. (The metasoma has 
been removed, leaving the neck in place.) (40x). 
C Abnormal surface of columnar epithelial cell in trout 
intestine (31,100x). 
D Disruption of tissue layers of the intestine wall by 
P. laevis HTS T. S. (128x). 
E Inflammation tissue formed adjacent to attachment 
region of P. laevis MTS T.S. (199x). 
F Eosinophilic granular cells in inflammation tissue 
around the neck of P. laevis. Haematoxylin and eosin 
T.S . (740x). 
Key to plate 
Ab = abnormal mucosal folds 
Bu = bulb of P. laevis 
c = circular muscle 
ce = columnar epithelial cell 
EGC = eosinophilic granular cell 
IT = inflammation tissue 
I = longitudinal muscle 
la = lamina propria 
mu = mucosal epithelium 
mv = microvilli 
PI = P. laevis se = serosa 
s = stratum compactum sg = stratum granulosum 
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numbers of eosinophilic granular cells (EGC) (Plate 12F); 
these were much less common in inflammation tissues around 
the bulb and proboscis. 
The most dense tissue reaction was formed around the 
neck of the worm with, occasionally, just a thin layer 
of reaction tissue covering the bulb and proboscis. Con-
siderable differences in the degree of host reaction oc-
curred, even between individual worms in the same fish. 
Ultrastructurally, the most common cells seen in the 
'inflammation tissue were EGCs, type A cells, type B cells 
and fibroblasts (Plate 13A). Lymphocytes and melanocytes 
were less frequently seen. A few very small capillaries 
were present in the inflammation tissue. 
1. EGC (7.2 x 12.2 pm, range 4.1 - 9.4 x 6.9 - 15.9 
pm) (Plate 13~). The EGCs in the reaction tissue appeared 
similar to those that form the stratum granulosum. The 
eccentric nucleus of the EGC contained prominent hetero-
chromatin and was indent~d by the large eosinophilic 
granules. The large granules (873 x 914 nm, range 130 -
2190 x 130 - 2500 nm) frequently filled the entire cell 
(Plate 13A, 13B). Each granule was bound by a membrane; 
often the contents of the -granule had the appearance of 
having shrunk away from the membrane. The material within 
the granule ~ms frequently homogenously electron-opaque; 
other granules contained electron-lucent patches. 
Occasionally the contents of a granule appeared to be 
absent. Granules within the same cell stained for acido-
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Plate 13 
A Cells within the inflammation tissue of rainbow trout 
(1,900x). 
B Eosinophilic granular cell (S,300x). 
C Type A cell (10,700x). 
D Striated granules ~ithin type A cell (SO,700x). 
E Type B cell. Note large cisternae formed by rough 
endoplasmic reticulum(*)(S,200x). 
F Intimate contact(*) between type A and type B cells 
in inflammation tissue (6,400x). 
G Type B cell adjacent to surface of P. laevis integu-
ment. Note vesicle of RER opening to the external of 
the cell(*)(70,OOOx). 
Key to plate 
cis = rough endoplasmic reticulum cisterna 
EGC = eosinophilic granular cell 
n = nucleus 
nu = nucleolus 
0 = granules 
rer = rough endoplasmic reticulum 
tA = type A cell 
tB = type B cell 
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phil and basophil substances; the EGCs of the reaction 
tissue appeared to have more and larger acidophil granules 
than those of the stratum granulosum. Alcian blue and 
aldehyde fuchsin stained the granules, indicating the 
presence of acidic sulphated mucopolysaccharides. Phos-
phate-buffered formalin was· found to give good fixation 
of the EGCs; Bouins fluid was not satisfactory. 
The outline of the EGC was smooth; no cytoplasmic 
processes were evident. RER and mitochondria were present 
in the cytoplasm; the latter frequently possessed clear 
areas and often had a disrupted appearance. 
2. Type A cells (6.2 x 9.5 pm, range 4.3 - 8.1 x 
6.2 - 15.1 pm) (Plate 13C). The lobed or horseshoe-
shaped nucleus contained prominent heterochromatin. The 
cytoplasm contained RER, small clear vacuoles and mito-
chondria. Electron dense granules, often wi~h a striated 
appearance (Plate 13D) were prominent in the cytoplasm 
(166 x 255 nm, range 110 - 290 x 110 - 460 nm). The 
surface of the cell occaSionally had a ruffled appearance, 
with numerous cytoplasmic processes and vacuoles. 
3. Type B cells (6.1 x 12.2pm, range 4.7 - 10.1 x 
7.0 - 20.0 pm). Only a very thin rim of heterochromatin 
was visible around the large palely staining nucleus; a 
prominent nucleolus was present (Plate 13E). The most 
distinguishing feature of the type B cell was the con-
spicuous RER, in the form of large cisternae containing 
granular material. Some small vacuoles were present in 
cytoplasm, together with mitochondria. 
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4. Fibroblasts These were very filamentous, long cells 
with many processes. The nucleus contained little 
chromatin and was ellipsoid. RER and mitochondria were 
prominent in the cytoplasm. 
Intimate contact between cellular membranes of 
all the above cells occurred (Plate 13F); however, no 
cell junctions were seen. 
Type A and B cells were the commonest in the reaction 
tissue around the bulb and proboscis and in the region 
immediately adjacent to the worm. On occasions, type B 
cells were observed in intimate contact with P. laevis, 
and appeared to be either pinocytosing or secreting 
material (Plate 13G). 
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DISCUSSION 
Compared to stone loach infections, the damage caused 
to the mucosal epithelium of rainbow trout by P. laevis 
was very much reduced. This was probably because of the 
large size of the gut relative to the worm, with the 
parasite only coming into contact with mucosa adjacent 
to its attachment region. 
For the praesoma of P. laevis to completely penetrate 
the gut wall of rainbow trout, it appears that it was 
necessary for the anterior metasoma to come into intimate 
contact with the gut mucosa, forming a depression or 
crater. This is in contrast with P. laevis present in 
the gut of the stone loach where, compared to the thickness 
of the gut wall, the praesoma of the worm is relatively 
long, and a depression was not formed. 
The granular cells seen in the rainbow trout inflamm-
ation tissue were the ubiquitous eosinophilic granular 
cells (EGC) of salmonids (Roberts, 1972; Smith, 1975; 
Ezeasor and Stokoe, 1980a), eels (Wooton and McVicar, 
1982) and snakes (Sottovia-Filho and Taga, 1973). 
Although, as the name suggests, the EGCs possess eosino-
philic granules, these have a different appearance ultra-
structurally (Smith, 1975; Ezeasor and Stokoe, 1980), 
to those of fish eosinophils (Chiller et aI, 1969; Clawson 
et aI, 1966; Ishizeki et aI, 1984) and mammals (Deane, 
1964; Gleich, 1977; Bentley et aI, .1982). Additionally 
EGC granules do not stain with carbol chromotrope, 
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although eosinophil granules would be expected to stain 
(Roberts, 1972). 
il'/einreb (1959) found that the EGCs of the stratum 
granulosum increased in number, and also the intracellular 
• granulation increased after a rainbow trout received an 
injection of turpentine; cortisone appeared to affect the 
response, suggesting that the adrenal cortex may act as 
a mediator. Smith (1975) noted the resemblance between 
the EGC and the mammalian globule leucocyte as·described 
by Nurray et al (1968). Also, since stress induced an 
increase in the number of EGCs, Smith (1975) suggested 
that this cell type may have a role in the early stages 
of healing, similar to that of the mammalian connective 
tissue mast cell (Mimori et aI, 1982) or globule leuco-
cyte. However, Smith (1975) did not think it likely that 
the EGCs were mast cells, and this was supported by Ezeasor 
and Stokoe .( 1980a), who indicated that there were histo-
chemical differences between EGCs and mast cells, notably 
a lack of basic protein in the former. From the reports 
of '.'/einreb (1959), Roberts (1972) and the results dis-
played here, it appears that EGOs may have some function 
to play in the inflammatory response of fish, and perhaps 
other vertebrates (Sottovia-Filho and Taga, 1973). 
Ezeasor and Stokoe (1980a) regarded the stratum granulosum 
as a depot or semi-diffuse organ similar to a lymphoid 
organ, which may be a composite defence system, with 
mechanical and humoral components. 
. . 
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Bergeron and Woodward (1982, 1983) suggested that 
EGCs may be motile and migrate to the intestine from an 
unknown site via the blood. But, in the present study, 
the majority of EGCs were present around the neck (i.e. 
the region of the disrupted stratum granulosum), indi-
cating that if any motility did occur, it was limited. 
The role of the EGC in the host reaction tissue induced 
by P. laevis in the rainbow trout is not clear, and may 
not be an active one. 
The type A cells present in the inflammation tissue 
were very similar to neutrophils from the peripheral 
blood of the goldfish, Carassius auratus, described by 
\veinreb (1963). In both cell types, the granules were a 
similar size, although the type A cell was slightly 
smaller than the goldfish neutrophil. Weinreb (1963) 
does not mention the goldfish neutrophil granules as having 
a striated appearance, but this may have been because of 
the poor resolution of her specimens. Ferguson (1976) 
noted the presence of granules with a striated appearance 
in the neutrophils of the plaice, Pleuronectes platessa; 
these neutrophils also possessed an irregular, horseshoe-
shaped nucleus. Similar cells, also identified as neutro-
phils, have been described from the paddlefish, Polyodon 
spathula (Clawson et al, 1966), dogfish, Scyliorhinus 
canicula (Horrow and Pulsford, 1980) and the channel 
catfish, Ictalurus punctatus (Cannon et aI, 1980). Cells 
identified as neutrophils have been described from the 
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roach, Rutilus rutilus (Hoole and Arme, 1982), but the 
granules of these cells displayed electron-dense cores, 
and were more elongate than those of the type A cell of 
trout. However, although neutrophils of other species 
may possess some morphological differences, it is sug-
gested that the trout type A cell was a neutrophil. 
The distinguishing features of type B cells were the 
large cisternae of the RER, containing granular material, 
and were reminiscent of the mammalian plasma cells 
described by Deane (1964). Finn (1970) was of the opinion 
that plasma cells may be rare in teleosts; however, this 
seems unlikely as they have been described from members 
of the Agnatha (Zapata et aI, 1984), Chondrostei (Clawson 
et aI, 1966), as well as Teleostei such as S. gairdneri 
(Chiller et aI, 1966) and plaice, P. platessa (Ellis, 
1976). The cytoplasmic features of type B cells (and 
plasma cells) are usually considered to be criteria for 
identification of a high-output secretory or protein-
producing cell (Clawson et aI, 1966). Plasma cells in 
teleost fish are associated with the acquisition of 
vigorous immunological responsiveness (Finstad et aI, 1964). 
It is proposed that the type B cell of the rainbow trout 
inflammation tissue was a plasma cell, and that this 
cell type was responsible for the humoral response pro-
duced by trout against P. laevis demonstrated in Chapter 
1. ~he presence of cells resembling plasma cells has been 
noted in acanthocephalan-induced lesions of other fish 
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species (Bullock, 1963; George and Nadakal, 1981, 1982) 
and this suggests that a humoral response may have occurred 
in these cases also. 
It seems likely that the type A (neutrophils?) and 
type B (plasma cells?) were derived from the peripheral 
blood of the trout. Higson and Jones (1984) demonstrated 
the S. gairdneri leucocytes, possibly neutrophils, were 
able to produce oxygen radicals, which may mean that 
these cells are important in the host immune system. 
Sohle and Chusid (1983) have shown the presence of neutro-
phils in a cellular infiltrate of rainbow trout infected 
with Saprolegniaceae; these neutrophils were capable of 
adhering to the surface of the hyphae. This is in con-
trast to the findings of this study, where type A 
(neutrophils?) cells were not seen adjacent or attached 
to the integument of P. laevis. 
Close associations between EGCs, type A cells and 
type B cells were observed, although the fibroblast 
ensheathing cells normally found in intimate contact with 
EGCs of the stratum granulosum (Ezeasor and Stokoe, 1980a; 
Bergeron and Woodward, 1983) were not observed around the 
EGCs of the inflammation tissue. 
r·lacroscopically, black patches, assumed to be melano-
cytes, were seen in the inflammation tissue; however, 
microscopically, these cells were not common and tended 
to occur in the external regions of the inflammation tissue. 
~elanocytes are common in skin lesions of salmonids 
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(Roberts et aI, 1971) possibly by virtue of their normal 
presence just below the epidermis (Roberts, 1975). The 
sparsity of melanocytes in the rainbow trout inflammation 
tissue around P. laevis may occur because few melanocytes 
would normally be present in the region parasitized. 
However, ~itchell et al (1983) have described melanoti~ 
visceral fibrosis around metacercaria and plerocercoids 
in Lepomis macrochirus, although the pigment accumulation 
may have been caused by liver damage. In descriptions in 
the literature of the fish inflammation tissue induced by 
Acanthocephala, melanocytes are not common. 
The inflammation response induced by P. laevis in 
the rainbow trout did not appear to damage the worm. 
Inflammatory cells were not seen within the integument of 
P. laevis and thus it seems likely that the rainbow trout 
were unable to reject the parasite. 
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GENERAL DISCUSSION 
Although plasma cells have been demonstrated to be 
a component of the rainbow trout inflammation tissue 
induced by P. laevis, this cell type was not observed in 
the stone loach inflammation tissue. Harris (1972) found 
that chub, L. cephalus, only produced antibody when in-
fected by sexually mature P. laevis. As demonstrated in 
Chapter 1, rainb.ow trout can elicit a humoral immune 
response, possibly via the plasma cells described in this 
chapter. It has been shown in Chapter 2 that approximately 
20% of female P. laevis in rainbow trout were graVid, 
whereas in stone loach, very few gravid female worms occ-
urred. Thus, the immature worms may lack the antigens 
required to elicit a humoral response from stone loach, 
and may explain the lack of plasma cells in stone loach 
inflammation tissue. 
The plasma cells adjacent to P. laevis in the 
rainbow trout did not display the same degree of disruption 
as the G1 cells of infected stone loach. Therefore, a 
cytolytic factor may be an unlikely explanation for the 
disruption of the G1 cells. It is possible that, because 
of the thinner gut wall of the stone loach, P. laevis 
could undergo more movement than when in the rainbow trout, 
and thus the disruption of G1 cells was caused mechanically. 
The presence of P. laevis in stone loach and rainbow 
trout elicited a severe and prolonged inflammatory response, 
similar to those induced by certain trematode cercaria 
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(Sommerville, 1981), cestode plerocercoids (Arme and 
Wynne Owen, 1970; Hoole and Arme, 1982) and nematodes 
(Elarifi, 1982). In the present study, in all of the 
stone loach examined, the inflammatory response induced by 
P. laevis was very much more severe than those induced 
by the other species of parasite present. A similar ob-
servation was made by Esch and Huffines (1973). This may 
have been because of the large size of P. laevis, relative 
to the metacercarial cysts and nematodes, and also 
because P. laevis remains in the gut wall, rather than 
moving through it. The question remains as to whether 
the inflammation tissue in infected fish was induced 
directly by P. laevis, or indirectly by the bacteria and 
other gut contents that may have entered the damaged gut 
wall. 
Emaciation or death of host fish attributed to infection 
by P. laevis (Wurmbach, 1937; Reichenback-Klinke, 1973) 
and other Acanthocephala (Bullock, 1963; Jilek, 1979) have 
been described. Hare and Frantsi (1974) found that trout 
infected with Acanthocephalus lateralis were found to have 
partially diSintegrated intestines, with worms lying free 
in the body cavity; this may have been caused by secondary 
bacterial infection. With other species of acantho-
cephalan, the severity of the infection in the fish was 
largely a matter of the depth of penetration of the gut 
by the worm, and not necessarily because of the intro-
duction of pathogeniC bacteria (Prakash and Adams, 1960). 
. . 
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From the histological evidence presented here, it would 
seem possible that P. laevis may have severely damaged 
the integrity of the stone loach gut, leaving the fish 
open to bacterial infection; in the rainbow trout, this 
was much less likely. Additionally, the removal of the 
normal gut layers by P. laevis in both stone loach and 
rainbow trout, even though in the latter this was only 
in the immediate vicinity of the attachment region, may 
have deleterious effects on the homeostasis of the host. 
In a personal communication to Jilek (1979), Nigrelli 
stated that mucosal damage in the fish gut may mean 
the upsetting of osmoregulation and hence death, and that 
this may be especially true in acanthocephalan infections; 
however, no evidence was presented to support this view. 
None of the fish examined in this study exhibited 
any external sign of disease. Similar observations on 
fish infected by P. laevis have been made by Pippy (1969) 
and Hine and Kennedy (1974a). Thus, despite extensive 
changes in the normal gut structure caused by P. laevis, 
gross effects of P. laevis infection in stone loach and 
rainbow trout appear minimal. 
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CHAPTER FOUR 
THE EFFECT OF Pomphorhynchus laevis 
ON THE ENERGY RESERVES AND GROWTH 
OF STONE LOACH AND RAINBOW TROUT 
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INTRODUCTION 
There have been several reports indirectly implicating 
P. laevis with the death or emaciation of its fish hosts. 
Wurmbach (1937) found emaciated barbel (Barbus barbus) from 
the River Mosel containing heavy infections of P. laevis. 
Similarly, Chubb (1965) examined seven specimens of chub 
(Leuciscus cephalus) from the river Avon, Hampshire, that 
were in an emaciated condition being infected with 200-
500 specimens of P. laevis. Other species of Acantho-
cephala are believed to affect the growth and mortality 
rates of their fish hosts (Petrushevski and Kogteva, 1954; 
Bauer and Nikol'skaja, 1957; Petrushevski and Shulman, 
1961; Reichenback -Klinke and Elkan, 1965; Pennycuick, 
1971b; Schmidt, 1974; Jilek, 1978, 1979; George and 
Nadakal, 1982). ~ 
However, apart from histological changes in the gut, 
Salmo salar smolts infected with up to 25 specimens of 
P. laevis appeared normal (Pippy, 1969). Similarly, Hine 
and Kennedy (1974b) did not find any evidence to suggest 
that the growth rates of chub (L. cephalus), dace (~ 
leuciscus) and grayling (Thymallus thymallus) infected 
with P. laevis were reduced in comparison to those of 
uninfected fish. 
From the above accounts, it is clear that the patho-
genicity of P. laevis in its fish host can be very vari-
able, and some quantitative method of assessing the 
effects of P. laevis on host growth and nutritional 
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status is needed. To this end, the energy reserves of a 
population of stone loach (Noemacheilus barbatulus) 
naturally infected with P. laevis were studied. The main 
energy reserves of the muscle and liver used by the stone 
loach when under nutritional stress were identified. These 
energy reserves and the organ weights of the stone loach 
were monitored over the course of one year, and the 
stone loaches' ages determined, allowing the stage of 
development of the host and season to be taken into account 
when assessing the effect of P. laevis on the stone loach 
energy reserves. 
A laboratory-based investigation of the effects of 
P. laevis on the growth and energy reserves of rainbow 
trout (S. gairdneri) was also performed. This work was 
based on a preliminary study by Thomas and Robotham (1980) 
that suggested P. laevis may induce a depletion in the 
energy reserves of its fish host~ 
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CHAPTER FOUR 
SECTION A : STONE LOACH 
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MATERIALS AND METHODS 
Stone loach were collected using Freshwater Biological 
Association pond nets, from the River Severn at Shrawardine, 
Shropshire, at approximately six weekly intervals from May 
1981 to June 1982. When pOSSible, thirty fish of approxi-
mately 6 cm were selected to be taken back to the laborato~y. 
This size was chosen as the optimum for obtaining reasonably 
sized muscle and liver samples. 
In the laboratory, stone loach were maintained, 
without feeding, in plastic aquaria with a constant flow 
of filtered water (190 C) for between seven and fourteen 
days. A minimum period of seven days between capture and 
analysis was considered necessary to allow the fish to 
recover from any stress due to capture and transport. 
The potential energy reserves examined in the stone 
loach were the protein, carbohydrate and lipid, present in 
white muscle and liver. The relative importance of these 
materials as energy reserves was assessed by starving the 
stone loach for a predetermined period. This was done by 
dividing a sample into two groups; one group of fish were 
examined seven days after capture and the other fourteen 
days after capture. 
To assay the energy reserves, stone loach were killed 
by a blow on the head, and after surface drying, were 
weighed and the fork length determined. Dissections were 
carried out in teleost saline (Appendix A). A sample of 
white muscle, obtained from the lateral body wall, anterior 
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to the base of the dorsal fin and above the lateral line, 
was surface dried, weighed and placed in cold 70% EtOH. 
After the body cavity had been exposed by means of a 
ventral incision, the liver was dissected free of the 
viscera, surface dried, weighed and placed into cold 70% 
EtOH. The gonads and spleen were also weighed, and the 
number and total weight of P. laevis present in each fish 
recorded. 
The muscle and liver were homogenised in 70% EtOH 
using a Potter-Elvejem glass homogeniser at oOe. The 
tissues were separated into total protein, total carbo-
hydrate and total lipid fractions using the following 
technique, modified from Graff (1970): 
1. The homogenate was made up to 10 cm3 with 70% 
EtOH, centrifuged, and the supernatant discarded. 
The pellet was resuspended in 70% EtOH and the 
process repeated. 
2. The pellet was resuspended in 1 cm3 of 70% 
EtOH/diethyl ether (1:3), centrifuged and the super-
natant saved. The procedure was repeated and the 
supernatants combined. The supernatants contained the 
total lipids, and were assayed colorimetrically using 
a Total Lipid Test Kit (Boehringer-Mannheim). 
3. The pellet was resuspended in 5 cm3 of 10% 
trichloracetic acid (TeA), heated to 800 e in a water 
bath and allowed to cool. After centrifugation, 
the supernatant was saved. 
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4. The pellet was resuspended in 5 cm3 TCA, centri-
fuged and the supernatant added to that of step 3. 
This supernatant contained the total carbohydrate. 
Total carbohydrate was assayed colorimetrically, using 
anthrone/sulphuric acid reagent (Plummer, 1978), 
with oyster muscle glycogen (BDR Ltd) as standard. 
5. The pellet was dissolved in 10 cm3 0.5 N NaOR. 
This was the total protein fraction and w~s assayed 
colorimetrically using the Lowry technique (after 
Searcy and MacInnis, 1970). Bovine serum albumin 
(Sigma Chemical Co.) was used as standard. 
A Cecil Instruments CE 373 linear readout grating 
spectrophotometer was used for all colorimetry • 
. Although the stone loach possessed scales, these were 
~ 
very small and were not suitable for age determination. 
Instead the sagitta otolith was used, being the largest 
otolith and hence easiest to find and manipulate. The 
otolith was dissected from the skull, allowed to dry, 
cleared in cedarwood oil and mounted on a glass slide 
in Gurr's Neutral Mounting Medium. The otolith was then 
ground using fine Emery paper, which enabled the growth 
zones to be more easily seen. The slide was viewed using 
a binocular microscope with an incident light source. 
Growth zones were clearest when seen against a black back-
ground. Summer growth appeared as white (opaque) zones and 
winter growth as dark (translucent) zones. 
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RESULTS 
Age Determination New summer growth zones appeared 
during May. The majority of fish sampled were either 
1+ or 2+ fish, i.e. fish aged as 1+ in November had 
hatched in early summer the preceding year. Similarly, 
a fish aged as 2+ in November had hatched in the early 
summer two years previously. 
In order to check the age determinations obtained 
using the sagitta otoliths, a back-calculation of otolith 
diameter against length was carried out (Bagenal and 
Tesch, 1978). 
A plot of stone loach length (ordinate) and otolith 
diameter (abscissa) demonstrates the linear relationship 
between the two parameters, (Figure 4.1). There was no 
statistical difference between males and females. 
From Figure 4.1 it can be seen that the line does not 
pass through the origin. Therefore, the equation used 
for the back-calculation of length based on otolith dia-
meter was: 
In - a = Sn(1 - a)/S 
where ~ = length of fish when annulus n was formed; 
a = intercept on y-axis; 
I = length of fish when otolith was removed; 
Sn = diameter of annulus n at widest point; 
S = total otolith diameter at widest point; 
(after Bagenal and Tesch, 1978). 
Thus, table 4.1 demonstrates the back-calculated 
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Figure 4.1 
Scatter diagram of the relationship 
between stone loach 
sagitta otolith diameter and fish length. 
The equation 
y = O.087x - 7.192 
was obtained by linear regression. 
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Males 
4+ 
3+ 
Age 2+ 
1+ 
0+ 
Females 
4+ 
3+ 
Age 2+ 
1+ 
0+ 
Table 4.1 
Back-calculated lengths of male and 
female stone loach 
Years 
t-4 t-3 t-2 t-1 
67.6.±,0.1 
51 .8.±,4.1 56.3.±,5.8 
41.4.:t.2•7 4.4.:t.5•O 42.1.:t.6•8 
Years 
t-4 t-3 t-2 t-1 
82.7 
67 67.2.±,4.3 
57.9 56.6.:t.2•5 53.9.:t.5•4 
51.7 44.1±.5.2 42.1=.6.1 42.7.±,7.1 
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t 
82+2.8 
71.6.±,6.9 
60.7.±,9.1 
40.8.:t.2•1 
t 
92 
-
80.9.:t.3 •8 
69.:t.5.8 
59.2.:t.1O •2 
43.2±.4.5 
.. 
lengths of male and female stone loach, together with the 
actual means of the age class over one year (underlined). 
The otoliths were obtained from fish that were 
collected non-randomly, since fish of approximately 6 cm 
in length were taken preferentially. Thus the validity 
of the back-calculation method, which is based on random 
samples, may be reduced for these data. Size selection would 
be expected to result in Lee's phenomenon (Bagenal and 
Tesch, 1978), where back-calculated lengths for a given 
age group are smaller the older the fish from which they 
are calculated. However, from Table 4.1, it can be seen 
that Lee's phenomenon does not appear to occur with these 
data, and consequently the back-calculations are acceptable. 
Energy Reserves of Stone Loach The protein, carbo-
hydrate and lipid concentrations in muscle and liver of 
both male and female stone loach were similar within a 
sample (Appendix B). Therefore, male and female data 
have been combined. The statistical tests used were 
student's t-test for small samples with equal variances 
or, where appropriate, the modified t-test (Fisher-Behren's 
test) for small samples with unequal variances' (Bailey, 
1976). 
A. 1+ fish 
Tables 4.2 and 4.3 contain data on energy reserve 
concentrations of fish killed seven and fourteen days 
after capture. The most consistent changes in energy 
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Table 4.2 
Concentrations of muscle energy reserves of 1+ stone loach 
killed seven and fourteen days after capture 
Date captured Seven days Fourteen days t-test 
14/5/81 
25/6/81 
4/8/81 
14/9/81 
26/10/81 
13/4/82 
26/5/82 
14/5/81 
25/6/81 
4/8/81 
14/9/81 
26/10/81 
13/4/82 
26/5/82 
4/8/81 
14/9/81 
26/10/81 
13/4/82 
Muscle Erotein mgLg tissue ~ S.D. 
157.791.19 •42 (9) 173.99.:!:.82.84(3) N.S. 
178.581.41 •51 (6) 167.52.:!:.41.24(6) N.S. 
175.70.:!:.50.84(5) 134.47.:!:.16.64(4) N.S. 
156.33.:!:.11.91(5) 147.62.:!:.9.72(5) N.S. 
135.73.:!:.25.46(6) 137.01.:!:.4.38(8) N.S. 
146.39.:!:.10.03(4) *136.64 N.S. 
159.75.:!:.8.03(2) 167.92.:!:.13.26(6) N.S. 
Muscle CHO mgLg tissue ± S.D. 
** ° (9) 1.73.:!:.1.57(3) N.S. 
O. 58.:!:.0. 28(6) 0.46+0.18(6) N.S. 
0.301.0.16(5) 0.971.1•20 (4) N.S. 
0.59+0.12(5) 0.391.0.20(5) N.S. 
1.14.:!:.0.37(6) 0. 44.:!:.0. 23 (7) P<0.002 
0. 66.:!:.0. 58(4) * 0.11 N.S. 
0.49+0.67(2) 0.42.:!:.0.13(6) N.S. 
Muscle liEid mgLg tissue !. S.D. 
0.52.:!:.0.45(5) 0.73.:!:.0.71 (4) N.S. 
1.921.2•47 (5) 1 • 911.1 • 48 ( 5 ) N.S. 
0.58+0.27(6) 3.231.1•33 (8) P<0.001 
1.991.0.55(4) * 1.06 N.S. 
** =no detectable carbohydrate in sample 
* = killed 9 days after capture 
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Table 4.3 
Concentrations of liver energy reserves of 1+ stone loach 
killed seven and fourteen days after capture 
Date captured Seven days Fourteen days t-test 
Liver Erotein msL~ tissue ! S.D. 
14/5/81 138.27;t45.96(9) 78.55;t27.50(3) N.S. 
25/6/81 172.34;t50.87(6) 167.33;t45.42(6) N.S. 
4/8/81 156.24;t15.31(5) 132.30;t31.19(4) N.S. 
14/9/81 160.22;t22.53(5) 175.08;t21.02(5) N.S. 
26/10/81 154.93;t26.13(6) 146.49;t13.82(8) N.S. 
13/4/82 132.48!.19.99(4) * 117.25 N.S. 
26/5/82 132.55;t17.67(2) 108.46;t19.23(6) N.S. 
Liver carbohydrate mSiZs ti'ssue .:!:. S.D. 
14/5/81 5.46!.6.11(9) 17.29!8.33(3) P<O.05 
25/6/81 18.21!10.08(5) 18.65!17.54(5) N.S. 
4/8/81 6.98!5.92(5) 14.44!10.99(4) N.S. 
14/9/81 18.38!6.99(5) 17.85!.12.42(5) N.S. 
26/10/81 21.50!9.85(6) 8.76!11.44(7) N.S. 
13/4/82 12.85!.12.75(4) * 9.26 N.S. 
26/5/82 23.82!.20.82(2) 29.68!.8.41(6) N.S. 
Liver liEid msLs tissue .:!:. S.D. 
4/8/81 2.45!0.59(4) 1.99!1.57(4) N.S. 
14/9/81 0.99!1.35(5) 3.23!1.50(5) P<O.05 
26/10/81 1.82!1.OO(6) 11.88!3.83(7) P<O.OO1 
13/4/81 3.72!0.85(4) * 2.87 N.S. 
* killed 9 days after capture 
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reserves occurred in'the concentration of liver protein 
(Table 4.3); on six out of seven occasions the concentration 
was higher in fish killed after seven days than those after 
fourteen days. Consistent changes in lipid or carbo-
hydrate concentration of the muscle or liver were not 
apparent. 
Table 4.4 shows the total liver energy reserves. 
Total liver protein (TLP) was higher on every occasion 
seven days after capture than fourteen days after capture, 
and on three occasions the differences were significant. 
Any trend in total liver carbohydrate (TLC) or total 
liver lipid (TLL) may have been obscured by the large degree 
of variation between individual fish and the small sample 
size. 
No statistically significant differences were present 
in the mean value of Fulton's condition factor (FCF), 
calculated as: 
body weight (g) 
body length (mm):3 
in 1+ stone loach killed seven and fourteen days after 
capture. 
B. 2+ fish 
Tables 4.5 and 4.6 contain data on energy reserve 
concentrations of fish killed seven an~ fourteen days 
after capture. For both muscle and liver protein there 
appeared to be a trend for the higher concentration to 
occur in the fish killed after seven days than in the fish 
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Table 4.4 
Total liver energy reserves of 1+ stone loach killed seven 
and fourteen days after capture 
Date captured Seven days Fourteen days t-test 
Total liver protein ~mSiLSibody wtl ±. S.D. 
14/5/81 1.99!O.42(9) 1.26;t0.71(3) P<0.05 
25/6/81 2.02;tO.54(6) 1.95;t0.52(6) N.S. 
4/8/81 1.81,:t0.22(5) 1.51,:t0.44(4) N.S~ 
14/9/81 1 • 93,:t0. 14 (5) 1.91;t0.42(5) N.S. 
26/10/81 2.50,:t0.68(6) 2.36,:t0.82(8) N.S. 
13/4/82 1.99;t0.09(4) * 1.18 P<0.OO1 
26/5/82 2.11;tO.04(2) 1.18;t0.37(6) P<0.002 
Total liver carbohydrate ~~SiLSi body wtl iii. S.D. 
14/5/81 77.6;t72.5(9) 304.5,:t198.9(3) N.S. 
25/6/81 211.0,:t126.9(6) 249.3;t258.1(5) N.S. 
--4/8/81 77.0;t61.6(5) 167.7;t136.8(4) N.S. 
14/9/81 226.4;t101.6(5) 204.9;t160.0(5) N.S. 
26/10/81 327.0;t119.3(6) 153.6,:t213.4(7) N.S. 
13/4/82 178.2;t154.5(4) * 93.3 N.S. 
26/5/82 400.0;t376.0(2) 329.9,:t113.4(6) N.S. 
Total liver lipid ~A!SiLSi body wtl iii S.D. 
4/8/81 23.2;t9.3(5) 22.0;t16.6(4) N.S. 
14/9/81 11.5!15.9(5) 34.9;t17.5(5) N.S. 
26/10/81 29.1!15.1(6) 205.4;t58.5(7) P<0.001 
13/4/82 73.4.:t.44 •9(4) * 28.9 N.S. 
* killed nine days after capture 
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Table 4.5 
Concentrations of muscle energy reserves of 2+ stone loach 
killed seven and fourteen days after capture 
Date captured Seven days Fourteen days t-test 
14/5/81 
25/6/81 
4/8/81 
14/9/81 
13/4/82 
26/5/82 
14/5/81 
25/6/81 
4/8/81 
14/9/81 
13/4/82 
26/5/82 
4/8/81 
14/9/81 
13/4/82 
Muscle protein mg/g tissue + S.D. 
129.78~41.53(4) 127.55~42.49(9) N.S. 
168.44~45.21(6) 154.42~17.75(8) N.S. 
158.62~26.28(10)132.99±13.75(8) P<:0.02 
142.59~13.20(9) 142.86±14.84(9) N.S. 
140.81~7.11(8) *140.94~24.60(9) N.S. 
138. 71 ~ 1 6 • 80 ( 7) 1 66 • 53 ± 6 • 95 ( 5 ) P <: 0 • 005 
Muscle CHO mg/g tissue : S.D. 
** 0 (5) 
0.41~0.12(6) 
0.55±0.30(10) 
0.49±0.16(8) 
0.20±0.30(8) 
o • 1 6~0 • 1 2 ( 7 ) 
1.11:.0.99(9) 
O. 33±0. 13 (8) 
0.43:.0.21(8) 
0.42:.0.18(9) 
* 0.36±0.67(9) 
O. 27±0 .13 (5) 
Muscle lipid mgLg tissue ~ S.D. 
0.32~0.10(10) 0.91:.0.56(7) 
1.36!.1.41(9) 1.84±1.58(9) 
2.03!.0.59(8) 0.66;t0.67(9) 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
P<0.05 
N.S. 
P<0.001 
** = no detectable carbohydrate in sample 
* = killed nine days after capture 
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Table 4.6 
Concentrations of liver energy reserves of 2+ stone loach 
killed seven and fourteen days after capture 
Date captured 
14/5/81 
25/6/81 
4/8/81 
14/9/81 
13/4/82 
26/5/82 
14/5/81 
25/6/81 
4/8/81 
14/9/81 
13/4/82 
26/5/82 
4/8/81 
14/9/81 
13/4/82 
Seven days Fourteen days t-test 
Liver protein mgLg tissue ~ S.D. 
135.82±24.65(5) 133.06!23.57(10) . N. S. 
175.42±33.72(7) 128.07!23.19(8) P<0.01 
159.08±34.05(10)152.47!42.54(8) N.S. 
142.59±13.20(9) 176.44!21.04(9) P<0.001 
122.37±17.19(8) *123.29~11.52(9) N.S. 
134.92~16.60(7) 97.41!13.76(5) P <0.005 
Liver carbohydrate mgLg tissue: S.D. 
5.62~5.20(5) 
9.49~9.03(7) 
11.43~6.50( 10) 
27.05!8.36(8) 
9.27~7.17(8) 
13.12~8.85(7) 
18.51~9.45( 10) 
11.35~7. 77(7) 
21.50!13.89(8) 
16.34±9.66(9) 
*8.99~7.00(9) 
17.98!.15.58(5) 
Liver lipid ms/g tissue: S.D. 
1.47±0.51(10) 3.01±2.34(8) 
0.80!.O.83(9) 3.67!.1.28(9) 
4.04±1.13(7) *3.01±0.68(8) 
* killed nine days after capture 
180 
P<0.02 
N.S. 
N.S. 
P<O .05 
N.S. 
N.S. 
N.S. 
P<0.001 
P<0.05 
killed after fourteen days. As for 1+ fish no consistent 
changes in lipid or carbohydrate concentration of muscle 
or liver were apparent. 
Table 4.7 shows the total liver energy reserves of 
2+ fish. As for the 1+ fish, there is a clear trend for 
fish killed seven days after capture to have the higher levels 
of TLP than those killed fourteen days after capture. No 
trends are apparent for TLC and TLL. 
On two occasions for fish caught 25/6/81 and 26/5/82 
those killed seven days after capture had a higher mean FCF 
than those killed fourteen days after capture (P<:0.01 
in both cases). 
Annual Changes in stone Loach Energy Reserves All 
the data presented in this section were obtained from 
stone loach killed seven days after capture. 
1. Muscle protein concentration (Figure 4.2). Within 
a sample, this tended to be higher in 0+ stone loach 
than in 1+ stone loach and lowest in 2+ stone loach. In 
all age classes, muscle protein concentration was highest 
during summer 1981. Following a decline in the autumn, 
the concentrations were lowest in December 1981. Sub-
sequently, muscle protein concentration reached a 
maximum in June 1982, although a drop occurred in May. 
2. Muscle carbohydrate concentration (Figure 4.3). 
Seasonal changes were not clear because of the large 
variation in muscle carbohydrate concentration within 
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Table 4.7 
Total liver energy reserves of 2+ stone loach killed seven 
and fourteen days after capture 
Date captured Seven days Fourteen days t-test 
Total liver protein (mg/g body wt) .;t, S.D. 
14/5/81 1.77±0.31(5) 1.73±0.73(10) N.S. 
25/6/81 1.99±0.29(7) 1.28+0.22(8) P<0.001 
4/8/81 2.04±0.34(10) 1.59±0.58(8) N.S. 
14/9/81 1.51+0.40(9) 1.73+0.22(9) N.S. 
13/4/82 1. 55±0. 37 (8) *1.46±0.32(9) N. S. 
26/5/82 1.68±0.43(7) O.94±O.34(5) P<0.02 
Total liver carbohydrate (Fg/g body wt) .: S.D. 
14/5/81 89.4±97.6(5) 248.1±165.7(10) N. S. 
25/6/81 119.8±133.1(7) 125.3±86.9(7) N.S. 
4/8/81 143.8±81.0(10) 233.6±165.1(8) N. S. 
14/9/81 268.8:t.115 •3 (8) 168.0±105.1(9) N.S. 
13/4/82 266.3±227.7(8) *102.4±78.6(9) N.S. 
26/5/82 172.2±133.2(7) 204.1±201.9(5) N.S. 
Total liver lipid ~FsLs bodl wtl Iii S.D. 
4/8/81 18.9±5.8(10) 30.9±23.4(8) N.S. 
14/9/81 8.0±9.0(9) 25.6±10.7(9) P<O.OO1 
13/4/82 109.5±34.8(7) *35.0±10.2(8) P<0.OO2 
* killed nine days after capture 
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Figure 4.2 
Annual changes in muscle protein 
concentration of stone loach 
X = 0+ 
o = 1+ 
• = 2+ 
Figure 4.3 
Annual changes in muscle carbohydrate 
concentration of stone loach 
X = 0+ 
o = 1+ 
• = 2+ 
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samples. However, within a sample, 2+ stone loach tended 
to have lower concentrations than 1+ fish. In 2+ fish 
there was a rise from May 1981 to November 1981, followed 
by a fall until June 1982, with a peak occurring in late 
May 1982. 1+ fish muscle carbohydrate was at its highest 
concentration in November 1981. 
3. Muscle lipid concentration (Figure 4.4). Data 
are lacking for the pe~iod of May 1981 to July 1981. Little 
difference occurs between 1+ and 2+ fish and there appeared 
to be no clear trends. 
4. Liver protein concentration (Figure 4.5). 1+ 
and 2+ stone loach displayed similar changes, with liver 
protein concentration increasing until summer 1981, and 
then gradually decreasing until May 1982. The liver protein 
concentration in May 1981 was similar to that of early 
June 1982 for both 1+ and 2+ stone loach. 
5. Liver carbohydrate concentration (Figure 4.6). 
In both 1+ and 2+ stone loach, there was a gradual increase 
in liver carbohydrate concentration from May 1981 to 
october/November 1981. A decline followed until March 
1982. 2+ stone loach liver carbohydrate concentration 
decreased slightly in mid-May 1982, while 1+ stone loach 
liver carbohydrate concentration tended to increase until 
June 1982, although a fall occurred in May 1982. 
6. Liver lipid concentration (Figure 4.7). In 1+ 
stone loach, the highest concentration of liver lipid 
occurred in December and in May 1982. 2+ stone loach liver 
lipid tended to increase from August 1981 to May 1982. 
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Figure 4.4 
Annual changes in muscle lipid 
concentration of stone loach 
X = 0+ 
o = 1+ 
• = 2+ 
Figure 4.5 
Annual changes in liver protein 
concentration of stone loach 
X = 0+ 
o = 1+ 
• = 2+ 
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Figure 4.6 
Annual changes in liver carbohydrate 
concentration of stone loach 
X = 0+ 
o = 1+ 
• = 2+ 
Figure 4.7 
Annual changes in liver lipid 
concentration of stone loach 
X = 0+ 
o = 1+ 
• = 2+ 
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Changes in total liver energy reserves were also 
recorded between May 1981 and June 1982. Total liver 
protein (TLP) was calculated as mg per g body weight, 
and both total liver carbohydrate and total liver lipid 
were calculated as ~g per g body weight. 
7. Total liver protein (Figure 4.8). 1+ stone loach 
TLP peaked in November 1981, and declined to a minimum in 
May 1982, before increasing in June. 2+ stone loach TLP 
- displayed a similar trend, although the decline in TLP 
until May was gradual. The limited data for 0+ fish also 
demonstrate a decline during the winter. 
8. Total liver carbohydrate (Figure 4.9). The TLC 
of all age classes of stone loach examined displayed 
similar trends, with TLC rising from May to November 1981, 
and a subsequent decrease to May 1982. 
9. Tdtal liver lipid (Figure 4.10). Maximal levels 
of TLL occurred in 0+ ·and 1+ stone loach in November 1981, 
and in 2+ stone loach in April 1982. 
The similarities between the figures demonstrating 
annual changes in the concentrations of liver energy 
reserves, and those figures demonstrating annual changes in 
total liver energy reserves, suggests that concentration 
of liver energy reserves may act as an indicator of total 
energy reserves. 
Annual changes in Fulton's condition factor and the 
weights of gonads, liver and spleen were recorded: 
1. Fulton's condition factor (Figure 4.11). The 
data were obtained from fish killed seven days after 
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Figure 4.8 
Annual changes in total liver 
protein of stone loach 
X = 0+ 
o = 1+ 
• = 2+ 
Figure 4.9 
Annual changes in total liver 
carbohydrate of stone loach 
X = 0+ 
o = 1+ 
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Figure 4.10 
Annual changes in total liver 
lipid of stone loach 
X = 0+ 
o = 1+ 
• = 2+ 
Figure 4.11 
Annual changes in Fulton's 
Condition Factor of stone loach 
X = 0+ 
0 = 1+ 
• = 2+ 
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Figure 4.12 
Annual changes in gonad weight of male 
and female stone loach 
open symbols = 1+ 
closed symbols = 2+ 
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Figure 4.13 
Annual changes in Hepatosomatic 
Index of stone loach 
X = 0+ 
o = 1+ 
• = 2+ 
Figure 4.14 
Annual changes in spleen weight/ 
body weight of stone loach 
X = 0+ 
o = 1+ 
• = 2+ 
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any effects caused by changes in body weight. This index 
was calculated using 
spleen weight (mg) 
body weight (g) 
1+ stone loach spleens increased sharply in weight from 
July 1981 to November 1981, but from December 1981 until 
June 1982, spleen weight was fairly constant. 2+ stone 
loach spleen increased gradually from May 1981 through 
to June 1982, with peaks in August 1981 and March 1982. 
The Effect of P. laevis on stone Loach Energy Reserves 
Tables 4.8 and 4.9 show the mean total weight of P. laevis 
per infected fish, together with the percentage of fish 
infected for 1+ and 2+ fish respectively. 
The effects of P. laevis on energy reserves concent-
rations were assessed by testing for correlations between 
the concentration of a particular reserve in the tissue 
(either muscle or liver) and the parasite burden. A 
frequency histogram of paraSite burden (total weight of 
P. laevis per infected fish)(Figure 4.15) demonstrates 
that the distribution of this parameter cannot be des-
cribed by a normal distribution curve. Therefore, the 
use of the correlation coefficient 'r' is precluded 
(Bailey, 1976). Instead, a non-parametric test, Spearman's 
Rank Correlation was used to determine the Sign and level 
of significance of any correlations occurring between 
energy reserves and parasite burden. Since Spearman's 
Rank Correlation requires a minimum of five sets of figures 
.. 
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Table 4.8 
Incidence and worm burden of P. laevis in 1+ stone loach 
Date killed wt.of P.laevis/infected fish(mg) % fish infected 
21/5/81 2.91 .:.!:. 1.59 ( 8) 88.9 
28/5/81 4.83 :!: 3.87 (3) 100.0 
2/7/81 1.60 + 0.88 (5) . 83.3 
8/7/81 3.15 :!: 3.61 (2 ) 33.3 
11/8/81 2.98 :!: 2.22 (5 ) 100.0 
18/8/81 3.90 25.0 
21/9/81 4.85 .:.!:. 4.86 (4) 80.0 
28/9/81 1 • 73 :!: 0.90 (4) 80.0 
3/11/81 6.58:!: 5.78 (6 ) 100.0 
10/11/81 2.80:!: 1.58 (7) 87.5 
7/12/81 11.2 100.0 
1/3/82 3.98 .:.!:. 2.85 (5 ) 83.3 
20/4/82 5.80 !. 3.31 (4) 100.0 
22/4/82 10.0 100.0 
12/5/82 14.4 33.3 
2/6/82 8.25 !. 0.78 (2) 100.0 
9/6/82 1.90 .:.!:. 0.99 (2) 33.3 
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Table 4.9 
Incidence and worm burden of P. laevis in 2+ stone loach 
Date Killed Wt.of P.laevis/infected fish(mg) % fish infected 
21/5/81 5 • 1 0 .:!: 3. 88 (5) 100.0 
28/5/81 6.00 .:!: 5.45 (10) 100.0 
2/7/81 2.16.:!: 1.24 (5 ) 71.4 
8/7/81 1.63.:!: 1.85 (4) 50.0 
11/8/81 2.28.:!: 1.79 (9) 90.0 
18/8/81 2.90 .:!: 2.99 ( 7) 87.5 
21/9/81 2.86 + 2.88 (7) 77.8 
28/9/81 1 .87 .:!: 1. 10 ( 7) 77.8 
3/11/81 6.90 100.0 
10/11/81 
7/12/81 
1/3/82 4.14 .:!: 1.75 (5) 100.0 
20/4/82 5.41 .:!: 2.83 ( 7) 87.5 
22/4/82 4.66 .:!: 3.06 ( 8) 87.5 
12/5/82 5.65 .:!: 4.64 ( 8) 100.0 
2/6/82 7.53 .:!: 4.58 (6) 85.7 
9/6/82 3.23 .:!: 3.70 (3) 60.0 
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Figure 4.15 
Frequency distribution of worm burden of 
P. laevis in a population of stone loach 
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in order to demonstrate whether a correlation occurs, 
data from fish killed seven and fourteen days after 
capture were combined (providing that no statistically 
significant differences had been demonstrated between the 
two groups). 
Although a significant difference occurred between 
mean muscle protein concentration for fish killed seven 
and fourteen days post capture (caught on 26/5/82, Table 
4.5) the data for muscle protein concentration were com-
bined because, firstly, it was the fourteen day groups 
that had the highest mean muscle protein concentration 
and, secondly, this group had a lower mean worm burden 
than the seven day group. 
A. 1+ fish. 
No statistically significant (P<:O.05 for a two-
tailed test) correlations occurred between 1+ stone loach 
energy reserves and worm burdens, or between organ weights 
and worm burden. 
B. 2+ fish. 
The following statistically significant correlations 
occurred with worm burden: 
1. Muscle protein concentration 
(i) fish caught 14/5/81, negative correlation, 
P<O.05 (Figure 4.16A). 
(ii) fish caught 26/5/82, negative correlation, 
P<O.02 (Figure 4.16B). 
2. Muscle carbohydrate concentration 
No correlation. 
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Figure 4.16 
Correlations between burden of P. laevis and stone loach 
energy reserves. 
A Muscle protein, captured 14/5/81 
B Muscle protein, captures 26/5/82 
C Liver protein, captured 4/8/81 
D Liver carbohydrate, captured 14/5/81 
E Liver carbohydrate, captured 14/9/81 
F Total liver protein, captured 25/6/81 
G Total liver protein, captured 4/8/81 
H Total liver lipid, captured 3/5/82 
I Hepatosomatic Index, captured 13/4/82 
o = killed 7 days after capture 
• = killed 14 days after capture 
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3. Muscle lipid concentration 
No correlation. 
4. Liver protein concentration 
(i) fish caught 4/8/81, negative correlation, 
P<0.02 (Figure 4.16C). 
5. Liver carbohydrate concentration 
(i) fish caught 14/5/81, positive correlation, 
P<0.05 (Figure 4 .16D). 
(ii) fish caught 14/9/81, positive correlation, 
P<0.05 (Figure 4.16E). 
6. Liver lipid concentration 
No correlation. 
7. Total liver protein 
(i) fish caught 25/6/81, positive correlation, 
P<O.05 (Figure 4.16F). 
(ii) fish caught 4/8/81, negative correlation, 
P<0.05 (Figure 4.16G). 
8. Total liver carbohydrate 
No correlation. 
9. Total liver lipid 
(i) fish caught 3/5/82, positive correlation, 
P<O.05 (Figure 4.16H). 
10. Fulton condition factor 
No correlation. 
11. Hepatosaomatic Index (HSI) 
(i) fish caught 13/4/82, negative correlation, 
P<O.05 (Figure 4.16I). 
12. Spleen weight/body weight 
No correlation. 
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DISCUSSION 
Age Determination 
Male and female stone loach from the River Severn 
were very similar, morphologically and had almost the 
same average length within an age class; these findings 
are in agreement with earlier studies on other populations 
of stone loach (Smyly, 1955; Oliva and Chitravadivelu, 
1974; Mills et aI, 1983). 
Age determination of the stone loach is difficult 
(Sauvonsaari, 1971; Kann~, 1969) owing to the light and 
dark zones of the otolith often being irregular and the 
presence of 'pseudo-rings'. Kann6 (1969) found that zones 
were often missed, giving rise to too Iowan age estimate. 
During this study, the oldest fish caught appeared to be 
a 4+ female; both male and female 3+ fish were caught on 
occasions, but most fish were either 0+, 1+ or 2+. From 
a comparison of the population d'ata for stone loach 
captured from the same site (Chapter 2) and the back-
calculations of the mean length/age class, it can be seen 
that there is a high degree of agreement, suggesting that 
these age determinations are reasonably accurate. 
Energy Reserves of the Stone Loach 
Liver protein was an important energy reserve in 
stone loach, in both 1+ and 2+ fish, total liver protein 
decreasing with starvation. A similar trend occurred with 
muscle protein concentration, but no data are available 
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for total muscle protein. These findings are in keeping 
with the report of Love (1970) that in fish, liver and 
muscle energy reserves are affected soon after the cessation 
of feeding, although other organs may never show measurable 
changes. 
Protein catabolism during starvation was found to be 
important in goldfish (Stimson, 1965), and accounted for 
the loss in weight and provision of metabolic energy. In 
Pleuronectes platessa, white muscle protein decreased 
with starvation, which may have been due to white muscle 
being a region of low priority, as it is only used in 
fast swimming (Johnston and Goldspink, 1973). Similarly, 
Smith (1981) demonstrated a reduction of protein in trout 
(Salmo gairdneri) liver, together with reduced synthesis 
and increased degradation of protein in trout white muscle, 
during a period of food deprivation. This indicates the 
importance of liver protein and white muscle protein as a 
reserve, in spite of the adipose nature of trout muscle. 
The use of muscle protein as an energy reserve may 
pose problems in the functioning of the white muscle. 
However, in starved P. platessa, degeneration of Z-discs 
occurred at the periphery of myofibrils of white muscle, 
allowing a partial decrease in myofibril diameter, which 
may provide a mechanism both for utilisation of muscle 
protein and the maintenance of the contractile function 
of the fibre (Johnston, 1981); other species of fish may 
abstract muscle protein in a similar fashion • 
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Some other fish known to utilise body protein during 
starvation are Tilapia mossambica (Swallow and Fleming, 
1969), various salmonids (Robertson et aI, 1963; Mommsen, 
1980; Morata, 1982), Lepomis macrochirus (Savitz, 1971), 
Gadus morhua (Kamra, 1966; Greer-Walker, 1971) and 
Clupea harengus (Wilkin, 1967). 
The role of muscle/liver carbohydrate and lipid 
reserves during starvation in stone loach is not clear, 
probably because of the large degree of variation in the 
results, combined with small sample sizes. Shul'man 
(1974) has also found very large individual variability 
in the glycogen content of fish muscle. 
No consistent changes occurred in carbohydrate levels 
of stone loach muscle but on several occasions liver carbo-
hydrate concentration and TLC were higher in fourteen 
day-starved fish than in seven day-starved fish, which 
may indicate that gluconeogenesis had occurred. A similar 
situation has been reported for starved Anguilla japonica 
(Inui and Oshima, 1966) and for migrating Oncorhynchus 
nerka (Chang and Idler, 1960). Jannsen (1964) found that 
aestivating African lungfish maintained liver glycogen 
at the expense of muscle protein. Although fish do not 
rapidly utilise their liver glycogen during starvation, 
they still presumably require glucose as it is the pre-
ferred fuel for brain and nervous tissue, erythrocytes 
and gonads (Cowey and Sargent, 1979; Walton and Cowey, 
1982). Therefore it appears that in stoneloach, as in 
some other species of fish, gluconeogenesis may occur at 
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at a rate which exceeds that of glycolysis, resulting in 
deposition of carbohydrate in the liver. It has been 
reported that the adrenal corticosteroids do not influence 
the rate of glucose utilisation but increase the pro-
duction of glucose by increased gluconeogenesis (Chang 
and Idler, 1960); thus in the case of the stone loach, the 
increase in liver carbohydrate may occur as the result of 
stress induced by starvation. 
Unfortunately, visceral lipid levels were not monitored 
and the role of these reserves in stone loach is not known. 
However, observations made while dissecting the visceral 
organs suggest that the visceral lipid store was not large. 
Niimi (1972) found that in the metabolism of Micropterus 
salmoides the use of either lipid or protein as an energy 
source reflected the lipid content of the fish, and that 
a greater utilisation of protein as an energy source may 
have been due to the fairly low levels of lipid. 
Annual Changes in Stone Loach Energy Reserves 
It is clear that gonad elaboration began sometime in 
late winter and the gonads of both male and female fish 
were heaviest in May. Smyly (1955) found that stone loach 
in the Lake District spawned in May, though some breeding 
may have occurred in April and June. Similarly, Finnish 
stone loach spawn in May/June (Sauvonsaari, 1971). 
Libosvarsky (1957) and Mills et al (1983) reported that 
stone loach are fractional spawners and the latter authors 
found that some breeding may occur up to the start of 
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of August. 
stone loach growth occurs primarily during May to 
October when feeding intensity is high (Smyly, 1955; 
Libosvarsky, 1957). Mills et al (1983) found that active 
growth of stone loach generally occurred when water temp-
eratures were above 12oC. During the late autumn and 
winter feeding intensity decreases and falls to a low 
level (Smyly, 1955; Hyslop, 1982). It was during the 
winter that stone loach, particularly the older age classes, 
were difficult to net and this was the reason why few 2+ 
fish were examined during this period. Hyslop (1982) 
found that 0+ stone loach spend much of their time during 
the winter buried in the substrate, which may act as a 
behavioural mechanism for preserving energy reserves during 
this period of low intensity feeding. From the present 
study, it seems likely that older stone loach may follow 
a similar strategy. 
Energy reserves, particularly white muscle protein 
concentration and total liver protein (TLP), declined 
during the winter, having increased during the summer 
feeding. This decline was probably due to reserves being 
needed to maintain the fish during the low-intensity feeding 
period, and also to provide for gonad elaboration as 
suggested by Love (1970). Lipid and protein are needed 
for gonad elaboration (Toetz, 1966), and these substances 
may come from visceral organs, body musculature and any 
food that is ingested during this period (Delahunty and 
deVlaming, 1980). Roach display a reduction in swimming 
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activity to compensate for gonad synthesis (Koch and 
Weiser, 1983) and this may be true of other fish. 
The steady decrease of both liver protein concentration 
and TLP in stone loach occurred up to the point of maximal 
gonad size, though muscle protein concentration peaked 
in the pre-spawning period, which may reflect an increase 
in feeding intensity after the winter. A similar situation 
has been described for the cod, Gadus morhua, from 
Balsfjorden, northern Norway, which are known to feed up 
to and during spawning (Eliasson and Vahl, 1982). 
At the time of maximal gonad size of both male and 
female fish, muscle protein concentration, liver protein 
concentration, TLP and TLC were at low levels, which may 
indicate the use of these energy reserves in the stone 
loach for gonad elaboration, as has been demonstrated 
in other fish by Dambergs (1964) and Shevchenko (1972). 
Female gonads were approximately seventeen times as large 
as male gonads, but both male and female stone loach 
demonstrated similar energy reserve concentrations in the 
muscle and liver. This suggests that female stone loach 
draw on some other energy reserves for gonad elaboration, 
possibly the visceral lipid. Both fat expenditure and 
accumulation is often more intense in female fish than in 
male fish (Shul'man, 1974). A personal observation made 
in mid-April 1982 noted that in female stone loach, the 
ventral body wall was much thinner than normal, which may 
indicate either use of these tissues for gonad elaboration 
or perhaps distension of the body wall by the enlarged gonads. 
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Thus, during April/May, stone loach may be in poor 
condition owing to limited feeding through the winter 
and concurrent gonad development. Le Oren (1951) noted 
that the condition of the perch (Perea fluviatilis) was 
generally better in late summer than after spawning and 
that it was poorest in the spring. Similarly G. morhua 
from the North Sea near Aberdeen spawned during the first 
two weeks of March, and their period of ~reatest emaciation 
was during that month, even though G. morhua feeds actively 
throughout the spawning aRd pre-spawning periods (Templeman 
and Andrews, 1956; Love and Robertson, 1967; Mackinnon, 
1972; Delhunty and DeVlaming, 1980; Johnston, 1980). 
Love (1970) notes that the majority of fish experience a 
severe depletion in energy reserves for a part of each 
year, and are well adapted to mobilising their body 
constituents for catabolism. 
The Effect of P. laevis on Stone Loach Energy Reserves 
There were no consistent differences in either mean 
worm burden or incidence of infection by P. laevis between 
fish atarved for seven days after capture and fish starved 
for fourteen days after capture. These observations are 
supported by Kennedy (1972), who found that the number of 
P. laevis in Oarassius auratus did not decrease during 
two weeks starvation, though worms were lost from fish 
starved for greater periods. 
Significant correlations between worm burden and 
energy reserves occurred in the older (2+) fish, but not 
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in the younger (1+) fish, which suggests that there may be 
some physiological or behavioural differences between these 
age classes. Mills et al (1983) found that it was the 2+ 
fish that made the greatest contribution to population 
fecundity, despite composing only 27% of the population. 
Also, Morris (1963) and Sauvonsaari (1971) found that some 
stone loach did not spawn until they were 2+. Thus there 
is some evidence that 2+ fish may be und~r a greater physio-
logical burden during the breeding season than the 1+ fish. 
This idea is reinforced by the data for Fulton's condition 
factor, which suggests that in 2+ fish, the gonads may 
contribute a higher proportion of body weight than in 1+ 
stone loach. The negative correlation of worm burden with 
muscle protein concentration at this time may indicate that 
the parasite could be detrimental to the fish resulting in 
tke stone loach having lowered energy reserves, during a 
period when the fish is under reproductive stress. Interest-
ingly, the negative correlation of worm burden with muscle 
protein concentration in the sample of May 1981 is still 
statistically significant, even when only male fish data 
are used. 
During the same period, liver carbohydrate concentration 
correlates positively with parasite burden, and this may 
suggest that gluconeogenesis was occurring, in response to 
some effect of the parasite. As has been shown, by the 
time stone loach were ready to spawn, muscle and liver 
protein and carbohydrate concentrations were low, compared 
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to summer/autumn levels, and also TLP and TLC were low. 
Therefore it appears that owing to the poor condition of 
stone loach (both males and females) following over-
wintering (Le Cren, 1951), gonad elaboration and the 
starvation period in the laboratory, P. laevis may exert 
a deleterious effect on the stone loach energy reserves. 
However, liver protein (both concentration and TLP) 
also decreased with increasing worm burden in August 1981, 
even though up to the date of capture the stone loach would 
have been feeding actively and would be expected to have 
laid down some material as energy reserves. 
Any effects due to the stress of capture and subsequent 
transport on the stone loach are not known. stress, leading 
to the production of corticosteroids, is known to increase 
glycogen levels and decrease protein levels, by means of 
gluconeogenesis (storer, 1967; Donaldson, 1ge1; Wagner 
and McKeown, 1982). 
Wurmbach (1937) reported severely emaciated and dead 
barbel heavily infected with P. laevis from the Mosel, in 
the fishes' pre-spawning period (February/March). 
Similarly, Chubb (1965) reported the presence of emaciated 
chub (L. cephalus) with heavy infections of P. laevis that 
were caught in mid-December 1964 (Chubb, pers. comm.) 
when feeding intensity would be low. Thus during a period 
when it is likely that the fish host would have been in 
poor condition, the presence of P. laevis may be deleterious 
to the fish. A relationship between Acanthocephalan 
infection and an increase in mortality rate of the fish 
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host (which is in poor condition due to, e.g. overwintering, 
has been suggested by other workers (Pennycuick, 1971b; 
Schmidt, 1974; Jilek, 1979). In a study on bream, Abramis 
brama, infected with the plerocercoid of Ligula intestinalis, 
Jarzynowa (1971) demonstrated that infected fish contained 
lower concentrations of muscle and visceral protein and 
lipid, although this was not directly attributable to the 
parasite. 
The depletion of stone loach muscle protein energy 
reserves as a consequence of worm burden was observed in 
fish which had been starved for periods of 7 to 14 days, 
thereby eliminating the possibility that this depletion 
was the result of direct competition between the host and 
parasite for nutrients during this period. However, the 
possibility remains that this energy reserve depletion may 
have been a legacy of competition for nutrients between 
host and parasite prior to capture. Potentially, there 
are other mechanisms which could lead to the observed 
changes in the energy reserves of stone loach parasitised 
by P. laevis. One possibility is that the parasite may act 
as a stressor, leading to elevation of host corticosteroids 
with a subsequent increase in gluconeogenesis at the expense 
of host protein. It is also possible that the parasite may 
promote corticosteroid secretion by lowering the host's 
tolerance to environmental stressors such as capture, 
handling and food deprivation. The potential drain on host 
energy reserves as a consequence of the development of the 
chronic inflammation response of the host, described in 
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Chapter 3, may also be relevant. 
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CHAPTER FOUR 
SECTION B : RAINBOW TROUT 
211 
MATERIALS AND METHODS 
Maintenance and Handling The fingerling rainbow trout 
used for experiments described in this section were ob-
tained from a commercial trout farm and allowed to become 
accustomed to laboratory conditions for two weeks before 
experiments were commenced. Each fish was kept in a 
perspex aquarium of 32x22x20 cm, aerated individually by 
an airstone. All tanks were kept in a constant-climate 
room at 12 0 0, with a 12 hour light : 12 hour dark cycle. 
The trout were fed on a diet of 1% of body weight per day 
of Omega Trout food (Edward Baker Ltd). 
After being starved for 24 hours, rainbow trout were 
infected with P. laevis by being allowed to feed on 
Gammarus pulex containing cystacanths of P. laevis. 
Generally all G. pulex were consumed within 12 hours. The 
mean number of cystacanths of P. laevis per G. pulex 
was determined by dissecting 10 random-chosen infected 
G. pulex. Control fish were treated in a similar manner, 
but were fed on an equivalent number of uninfected ~ 
pulex. 
During the course of the experiments, the length and 
weight of each fish was determined at regular intervals. 
All measurements were carried out in the constant climate 
room at 120 C. Fish were anaesthetised in a 1:10,000 
solution of MS 222 (Sandoz) in tapwater at a pH of 7.3 until 
una~le to coordinate, rolled in moist towelling to remove 
excess water, weighed and fork length determined. Each 
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fish was allowed to recover in a container of clean tapwater 
before being returned to its own tank. MS 222 is known to 
be stressful to fish when unbuffered, but the use of tap-
water kept the pH of the MS 222 solution at 7.3,·which 
would have reduced any stress due to the anaesthetic, 
allowing rapid recovery (Barton and Peter, 1982). 
Experiments Using fish maintained and handled as 
described above, two experiments were performed to assess 
the effect of P. laevis on trout. In the first experiment 
(Experiment 1), 10 rainbow trout were infected by feeding 
each of them 20 G. pulex containing a total of approximately 
38 cystacanths of P. laevis, another 10 rainbow trout 
were used as controls. These fish were subjected to two 
periods of elevated temperatures; on days 42-43 (28°0) and 
day 63 (200 0). After the first period of elevated temper-
ature, some mortality occurred, and the results of 
Experiment 1 are based on the 4 infected and 5 control trout 
that survived to the termination of the experiment on day 
81. In order to place these fish under nutritional stress 
feeding was stopped from day 70 until the end of the 
experiment on day 81. 
In the second experiment (Experiment 2), 10 rainbow 
trout were infected by feeding each of them 25 G. pulex 
containing a total of approximately 45 cystacanths of ~ 
laevis; another 10 rainbow trout were used as controls. A 
temperature of 12°0 was maintained throughout the experi-
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mental period. In order to place the fish under nutritional 
stress, feeding was stopped from day 63 until the end of 
the experiment on day 79. No mortality occurred during the 
course of Experiment 2. At the end of the experiment, 
trout were killed by a blow on the head and the white muscle 
and liver assayed for energy reserves. The fish were surface 
dried, weighed and fork length measured. Dissections were 
carried out in teleost saline (Appendix A). The viscera 
were removed by means of a ventral longitudinal incision 
and carcass weight was determined. A sample of white muscle 
was removed from the left lateral body wall, anterior to 
the root of the dorsal fin and above the lateral line 
(Figure 4.17A), surface dried, weighed and placed in cold 
70% EtOH. A sample of liver was surface dried, weighed 
and placed in cold 70% EtOH. The protein, carbohydrate and 
lipid conce~trations of these tissues were determined in 
the manner described in section A of this Chapter. 
In order to study any gross changes in body musculature, 
the lateral wall of fish from Experiment 2 were examined 
histologically. A section of the left lateral body wall, 
between the operculum and anus, and below the lateral line, 
was removed and placed in phosphate-buffered formalin 
(Figure 4.17A). A sample was removed from this tissue after 
fixation was complete. This body wall sample was de-
calcified in 10% formalin containing 13% nitric acid. The 
tissue was dehydrated in an ethanol series, cleared in 
xylene and embedded in Paraplast (BDH Ltd) at 56oC. Sections 
8 pm thick were cut in the transverse body plane and 
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Figure 4.17 
A Regions of the rainbow trout 
removed for energy reserve 
assay and histology 
B The three regions used 
for determining thickness 
of the lateral body wall of 
rainbow trout 
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3 
stained with Ehrlich's haematoxylin and eosin. The thickness 
of the lateral body wall was determined in three places 
(Figure 4. 17B) • 
The statistical tests employed in this section were 
student's t-test for small samples with equal variances 
(Bailey, 1976). 
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RESULTS 
The effect of P. laevis on trout growth 
Experiment 1. At the end of the experiment, the mean 
number of P. laevis per trout was 22 (59% of the number of 
cystacanths ingested). Mean worm burden was 49.7 ~ 13.0 mg. 
The changes in the mean lengths and weights of the control 
and infected fish over the course of the experiment are 
shown in Figures 4.18 and 4.19, respectively. By day 81, 
the control trout were significantly longer than the 
infected fish (P<:0.05)(Table 4.10). However, though the 
control fish tended to be heavier than infected fish, 
the difference was not significant at the 5% level (Table 
4.11). The percentage increase in mean length and weight 
of control fish over the course of the experiment are shown 
in Table 4.12. Control fish had increased in both length 
and weight by a greater percentage than infected fish, 
though the differences were not significant at the 5% level. 
The carcass was a higher proportion of whole body weight 
in control fish than in infected fish, though these 
differences were not significant (Table 4.13). 
Experiment 2. At the end of the experiment, the mean 
nUmber of worms per fish was 39.3 (87.3% of the cystacanths 
ingested). Mean worm burden was 104.8 ~ 36.0 mg. The 
changes in the mean length and weight of control and in-
fected fish over the course of the experiment are shown in 
Figures 4.20 and 4.21. No significant differences occurred 
between mean lengths or weights of control and infected fish 
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Figure 4.18 
The effect of P. laevis on length of 
rainbow trout in Experiment 1 
o = control trout 
• = infected trout 
Figure 4.19 
The effect of P. laevis on weight of 
rainbow trout in Experiment 1 
o = control trout 
• = infected trout 
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Day 
o 
18 
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o 
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Table 4.10 
Changes in length of trout in Experiment 1 
Length (mm ± S.D.) 
Control trout 
115±5.84 (5) 
117. 2±5. 81 (5) 
124±4.94 (5) 
125.4±4.16 (5) 
129.8±3.69 (5) 
Table 4.11 
Infected trout 
113±4.08 (4) 
113.8±3.96 (4) 
119.5±4.20 (4) 
120.75±3.50 (4) 
123.75±3.20 (4) 
Changes in weight of trout in Experiment 1 
Weight (g ± S.D.) 
Control trout 
17.48±2.24 (5) 
19.02±2.37 (5) 
21.50±2.73 (5) 
21.78+2.57 (5) 
22.92±2.53 (5) 
Table 4.12 
Infected trout 
16.90±2.78 (4) 
17.33±3.24 (4) 
19.78±3.44 (4) 
19.68+3.30 (4) 
21.05±3.58 (4) 
t-test 
N.S. 
N.S. 
N.S. 
N.S. 
P<0.05 
t-test 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
Percent increases in length and weight of trout in Experi-
ment 1 between days 0 and 81 (±S.D.) 
Control trout 
Length 12.98±3.13 (5) 
Weight 31.44±5.41 (5) 
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Infected trout 
9.31±1.48 (4) 
24.76±2.48 (4) 
t-test 
P<0.1 
t=2.16 for 7d.t 
P<0.1 
t=2.26 for 7d.t: 
Experiment 1 
Table 4.13 
carcass weight (g) 
body weight (g) 
Control trout 
0.90±0.008 (5) 
Experiment 2 0.922±0.010 (10) 
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± S.D. 
Infected trout t-test 
0.891±0.029 (4) N.S. 
° . 904,:t0 • 008 (1 0) p < ° . 00 1 
Figure 4.20 
The effect of P. laevis on length of 
rainbow trout in Experiment 2 
o = control trout 
• = infected trout 
Figure 4.21 
The effect of P. laevis on weight of 
rainbow trout in Experiment 2 
o = control trout 
• = infected trout 
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(Tables 4.14 and 4.15, respectively). The percentage 
increase in the mean length and weight of control and 
infected fish over the course of the experiment are shown 
in Table 4.16; no statistically significant differences 
occurred between control and infected trout. From Table 
4.13, it can be se~n that carcass weight was a significantly 
higher proportion of body weight in control fish than in 
infected fish (P<:0.001). No significant difference 
occurred between liver weight of control and infected fish; 
using a hepatosomatic index (HSI)(Table 4.17), calculated as: 
HSI = liver weight (mg) 
carcass weight (g) 
Spleen weight was a higher proportion of carcass weight 
in infected fish than in uninfected fish, although this was 
not statistically significant (Table 4.18). 
In neither Experiment 1 nor Experiment 2 did the 
differences in mean length and weight between control and 
infected trout change appreciably during the period of 
food deprivation. 
The effect of P. laevis on the energy reserves of trout 
From Table 4.19, it can be seen that no statistically 
significant differences in the protein, carbohydrate and 
lipid concentrations of the muscle and liver between control 
and infected trout were present. Similarly, no significant 
differences occurred in the total liver energy reserves 
between control and infected trout .(Table 4.20). 
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o 
14 
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Day 
o 
14 
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63 
79 
Table 4.14 
Changes in length of trout in Experiment 2 
Length (mm ± S.E.) 
Control trout 
91.6±4.40 (10) 
93.9+4.21 (10) 
98.0±4.49 (10) 
99.0±4.90 (10) 
105.6±5.91 (10) 
105.3±6.86 (10) 
Table 4.15 
Infected trout t-test 
90.2±8.00 (10) N.S. 
91.6±8.60 (10) N.S. 
95.3±9.30 (10) N.S. 
97.0±9.80 (10) N.S. 
102.9!10.62 (10) N.S. 
102.6!10.63 (10) N.S. 
Changes in weight of trout in Experiment 2 
Weight (g ± S.E.) 
Control trout 
9.02±1.39 (10) 
10.02±1.49 (10) 
11 .1 O! 1 .68 (10) 
11.98!1.90 (10) 
13.6±2.31 (10) 
12.9±2.21 (10) 
Table 4.16 
Infected trout t-test 
8.95±2.40 (10) N.S. 
9.43!2.56 (10) N.S. 
10.40±2.88 (10) N.S. 
11.40!3.29 (10) N.S. 
12.90± 3.60 (10) N.S. 
12.20±3.51(10) N.S. 
Percent increases in length and weight of trout in Experi-
ment 2 between days 0 and 79 (±S.D.) 
Control trout 
Length 14.96±4.14 (10) 
Weight 43.19±13.72(10) 
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Infected trout 
13.63±2.06 (10) 
36.22±7.49 (10) 
t-test 
N.S. 
N.S. 
Table 4.17 
The effect on infection by Pc lae!is on the Hepatosomatic 
Index of rainbow trout 
Control trout Infected trout t-test 
HSI + S.D. 
-
8.28.:t1.24 (10) 8.45.:t1.11 (10) N.S. 
Table 4.18 
The effect of infection by Pc lae!is on the spleen 
weight of rainbow trout 
Control trout 
spleen wt(mg)±S.D. 0.814.:t0.239(10) 
carcass wt(g) 
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Infected trout t-test 
1.065.:t0.329(10) P<O.1 
B.S. 
Table 4.19 
The effect of P. laevis infection on the energy reserves 
concentration of rainbow trout (mg/g tissue ;t S.D.) 
Control trout Infected trout t-test 
Muscle protein 119.39;t16.35(9) 120.35;t19.38(9) N.S. 
Muscle carbohydrate 0.18+0.33(9) 0.24+0.36(9) N.S. 
Muscle lipid 3.86;t1.71(10) 3.16;t1.52(10) N.S. 
Liver protein 94.89;t17.67(9) 96.98;t13.80(9) N.S. 
Liver carbohydrate 4.41;t5.76(9) 2.81;t1.44(9) N.S. 
Liver lipid 2.82;t0.57(10) 3.37;t1.20(10) N.S. 
Table 4.20 
The effect of P. laevis infection on the total liver energy 
reserves of rainbow trout (pg/g bodyweight ;t S.D.) 
Total liver 
protein 
Total liver 
carbohydrate 
Total liver 
lipid 
Control trout 
732.6;t1 87.8(9) 
36.0:!:.50.7(9) 
21.8:!:.6.3(10) 
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Infected trout t-test 
742.7;t141.3(9) N.S. 
21.0:!:.10.8(9) N.S. 
26.6:!:.12.6(10) N.S. 
Table 4.21 shows the thickness of the left lateral 
wall of control and infected trout measured in three 
places. As can be seen, in infected trout the wall was 
thinner than in the controls, particularly in the ventral 
region; however, this was not statistically significant. 
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Table 4.21 
The effect of P. laevis infection on the thickness of the 
lateral body wall of rainbow trout (~ ! S.D.) 
1-1 
2-2 
3-3 
Control trout 
837 = 170 pm (10) 
850 = 119 pm (10) 
1757 = 593 pm (10) 
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Infected trout t-test 
693 = 139)lDl (10) P<0.1 N.S. 
757 = 198)1Dl (10) N.S. 
1756 = 385 pm (9) N.S. 
DISCUSSION 
The growth of various fish species is known to be 
retarded when parasitised by nematodes and cestodes (Miller, 
1945; Pennycuick, 1971a, Hiscox and Brocksen, 1973; 
Keichenbacke-Klinke, 1973; Garadi and Biro, 1975) and 
Acanthocephala may also affect their hosts in this manner. 
Echinorhynchus salmonis can reduce the growth rate of 
Coregonus albula ~Bauer, 1958). Similarly, Steinstrasser 
(1936) observed a marked retardation of growth, together 
with loss of weight in trout infected by Echinorhynchus 
truttae. In contrast to these studies Hine and Kennedy 
(1974) concluded that P. laevis did not affect the growth 
rate of chub (1. cephalus), dace (1. leuciscus) or grayling 
(T. thymallus). However, their conclusions were based on 
comparison of growth rates of infected fish from the river 
Avon, with uninfected fish from other river systems, and 
also of the growth rates of naturally infected dace with 
light and heavy worm burdens. Because of the large differences 
that occur between river systems, together with the con-
tinual process of infection and reinfection of fish by 
P. laevis, the validity of Hine and Kennedy's (1974b) 
observations is questionable. 
In the present study, a significant decrease in the 
growth of rainbow trout infected by P. laevis occurred, but 
only after being subjected to two periods of elevated 
temperatures. This suggests that the effects of parasitism 
by P. laevis on the growth rate of rainbow trout may be 
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altered by changes in the environment, such as temperature, 
perhaps owing to stress induced in the fish. Similar 
reports on the augmentation by stress of the effect of a 
parasite on its host have been made by Horoszewicz (1972), 
Boyce and Yamada (1977), Pascoe and Cram (1977), Pascoe and 
Mattey (1977), Pascoe and Woodworth (1980) and Russell (1980). 
In Experiment 2, the carcass weight of infected rainbow 
trout was a lower proportion of body weight than that of 
uninfected fish. This may have occurred because the un-
infected fish had a slightly heavier mean carcass weight 
than infected fish, and also the latter group had a 
heavier mean visceral weight because of the presence of the 
parasite and the inflammation tissue surrounding the prae-
somae. In Experiment 1, there was not a statistically 
significant difference between uninfected and infected fish 
in the proportion that carcass weight contributed to body 
weight. This may have been because of the lower mean worm 
burdens in this infection, 'which would also result in less 
inflammation tissue. 
Any decrease in the weight of the carcass was likely 
to be caused by the loss of material from the white muscle, 
as this tissue forms the bulk of the carcass and can be 
readily utilised as an energy reserve (Chapter 4, section 
A discussion). In this study there does appear to be a 
reduction in the thickness of part of the ventro-Iateral 
body wall musculature in rainbow trout infected with ~ 
laevis. It is likely that it is the more ventral region' 
of the lateral wall that is least important in locomotion 
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and may therefore be a region of low priority (Johnston 
and Goldspink, 1973) enabling tissue to be withdrawn or 
a reduction in tissue growth in this region. Richards 
and Arme (1981) observed a similar decrease in the lateral 
wall of bream (Abramus brama) infected with Ligula 
intestinalis and suggested that corticosteroids resulting 
from stress may have been implicated. 
The period of food deprivation at the end of the 
experiments did not exacerbate the differences in mean 
length and mean weight of infected and uninfected rainbow 
trout. This suggests that P. laevis does not utilise the 
trout energy reserves directly, but may impair the formation 
of the energy reserves. However, although there was some 
evidence for infected trout to have a lower carcass weight 
than control fish, no changes occurred in the muscle 
energy reserve concentration or the energy reserves of 
the liver. 
The increase in spleen size with parasitisation of 
rainbow trout by P. laevis was almost significant at the 
5% level. In fish, the spleen is a major lymphopoietic 
organ and is an important melano-macrophage centre (Agius, 
1980) and the various cell types present in the trout spleen 
have been shown to be immunocompetent (Chiller et aI, 1969). 
The apparent increase in spleen weight seen in the present 
study may indicate that the trout was responding immuno-
logically to the acanthocephalan's presence; this is 
highly probable, since in Chapter 1, rainbow trout has 
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been shown to produce P. laevis-specific antibodies, and 
in Chapter 3, plasma cells have been observed next to the 
integument of P. laevis. 
An unknown factor of these experiments is the level 
of activity of infected and uninfected fish. Any decrease 
in activity would tend to preserve the fish's energy 
reserves (Koch and Weiser, 1983) and it is possible that 
infected rainbow trout may have been less active than 
uninfected trout. 
. ' 
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232 
CONCLUSION 
It has been demonstrated that both stone loach, ~ 
barbatulus, and rainbow trout, S. gairdneri, produce an 
intense tissue response to P. laevis. This response may 
occur because of (i) the mechanical damage caused by the 
parasite, (ii) the presence of gut contents in and around 
the damaged tissue, (iii) excretory/secretory products 
produced by P. laevis, or any combination of these factors. 
Evidence has been presented that rainbow tr~ut produce anti-
bodies against antigens present within the metasomal and· 
praesomal integuments of P. laevis, as well as some other 
tissues, .which supports the view of Harris (1972) that 
P. laevis antigens are secretory or excretory in nature. 
In this study, the presence of surface layers on both 
the praesomal and metasomal integuments has been demonstrated 
and it is likely that the surface layers are secreted by 
these integuments. The outer layers of the proboscis 
hooks arise from the striped and felt layers of the 
proboscis integument, and may therefore be secretory. 
However, from the histological evidence presented in 
Chapter 3, it seems unlikely that the intense host inflam-
mation responses induced by P. laevis in its hosts were 
caused primarily by material secreted by the proboscis 
hooks, although this may be the case for some other 
Acanthocephala (Miller and Dunagan, 1971). 
In both stone loach and rainbow trout, the region of 
the gut where most worms occurred was the intestine. 
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Additionally it was in the anterior intestine that the 
largest P. laevis were found. The intestine is the region 
of the gut that is most active in nutrient absorption and, 
since in the severe infections of stone loach, the mucosal 
epithelium was often absent, it is possible that nutrient 
uptake was affected by the presence of P. laevis. The 
significance of the histological changes observed in the 
gut musculature is not known, but it is likely that gut 
functions such as peristalsis would be affected in severe 
instances. This may affect the movement of chyme in the 
intestine, and reduce the efficiency of nutrient absorption. 
In the naturally-infected population of stone loach 
at Shrawardine, the older 2+ fish were demonstrated to have 
higher levels of parasitism by P. laevis in terms of 
incidence. number and weight of worms per fish than the 
younger 1+ stone loach. It was in the 2+ stone loach that 
correlations between the burden of P. laevis and host energy 
reserves were demonstrated, particularly at times when the 
fish were likely to be breeding and were under nutritional 
stress. Therefore, it is possible that during naturally 
occurring periods of nutritional stress that occur in the 
breeding season the reproductive potential of stone loach 
may be deleteriously affected by P. laevis, in the similar 
way that nutritional stress leads to reduced spawning in 
sticklebacks, Gasterosteus aculeatus (Wootton, 1977). 
Although the effect of P. laevis on stone loach growth rate 
is not known, the evidence obtained from the experimental 
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infections of rainbow trout suggest that P. laevis infection 
may reduce the growth rate of the host. 
There are several mechanisms by which P. laevis could 
affect the nutrition and growth of its fish host. 
1. Impairment of gut function. 
2. Induction of inflammatory and immune responses, 
creating a drain on host energy reserves. 
3. Induction of stress in the host, resulting in 
corticosteroid production and increased gluco-
neogenesis at the expense of body protein. 
4. An increase in the susceptibility of the host to 
succumb to other environmental stressors, which 
would cause corticosteroid production and increased 
gluconeogenesis. 
5. Competition between the parasite and host for 
nutrients in the gut lumen. 
Evidence from this study is supportive of the role of 
the first four mechanisms, outlined above, in bringing 
about depletion of host growth and host energy reserves. 
However, the relative importance of these mechanisms and 
their individual contribution to overall pathology in an 
individual host remain unclear. Further, the over-
dispersed nature of the parasite in the natural population 
of stone loach under investigation makes it unlikely that 
P. laevis is an important pathogen at the level of the host 
population, despite its deleterious effects on the individual 
host, when the latter is heavily infected and subject to 
environmental stress. 
. . 
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PHOSPHATE BUFFERED SALINE (PBS) pH 7.2 
NaCl 8.00 gdm-3 
KCl 0.20 gdm-3 
Na2HP04 1.15 gdm-
3 
KH2P04 0.20 gdm-
3 
ACID PHOSPHATASE MEDIUM A 
Mix: 
-
0.05M acetate buffer (ph 5.0) 400 cm3 
lead nitrate 0.53 g 
3% sodium- - glycerophosphate 40 cm3 
Leave for 24 hours at 37°C, allow to cool and 
filter. Use immediately. 
TELEOST SALINE 
7.25 g NaCl 
0.23 g CaC12·2H2O 
0.38 g KCl 
0.42 g NaH2P04·2H2O 
1.00 g NaHC03 
0.23 g MgS04·7H2O 
made up to 1 dm3 with distilled H2O. 
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ENERGY RESERVES OF 
MALE AND FEMALE STONE LOACH 
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TABLE B1 
Muscle Protein Concentration (mg/g tissue ± S.D.) 
Date Date Males Females 
Netted Killed 
(21/5/81 153.96!.28.07(11) 125.33.:t21 •01 (3) 
14/S/81( 
(28/5/81 124.48!.48.73(7) 160 .• 60!.50.77(7) 
~2/7/81 174.04.:t52 •72 (7) 166.-83!.25.67(7) 25/6/81 
8/7/81 168.06.:t36 •34(7) 154.33,±19.90(8) 
( 11/8/81 162. 21 .:t44 .43(7) 166.15.:t28.35(8) 
4/8/81 ( ( 18/8/81 131.41.:t13.55(9) 135.12.:t15.01(5) 
~21/9/81 143.78,:t8.91(6) 151.65!.6.43(9) 
14/9/81 
(28/9/81 139.93.:t14.24(4) 146.79.:t12.25(11) 
(3/11/81 105.55.:t8 •45 (2) 141.92.:t27.63(6) 26/10/81~ 
10/11/81 134.87.:t5.84(4) 
30/11/81 7/12/81 82.80!.19.72(2) 89.73,±5.67(5) 
22/2/82 1/3/82 148.16,:t25.54(7) 151.83.:t18.37(8) 
13/4/82 
~20/4/82 139.51.±5.08(5) 143.66.±8.53(10) 
(22/4/82 143.64.±22.64(8) 133.58.:t20.42(6) 
3/5/82 12/5/82 120.67.±8.14(11) 117.57.:t7.99(4) 
~2/6/82 128.94.:t22.64(8) 142.99,:t12.62(7) 26/5/82 
9/6/82 164.00.:t12 •82 (12) 165. 64,:t15 .18( 3) 
* The statistical tests employed in this and 
subsequent tables were student's t-test for 
small samples with equa·l variances or, where 
appropriate, the modified t-test (Fisher-Behrens) 
for small samples with unequal variances. 
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t-test 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
TABLE B2 
Liver Protein Concentration (mg/g tissue + S.D.) 
= 
Date Date Males Females t-test 
Netted Killed 
(21/5/81 144.01.:!:37.71(12) 104.71.:!:12.72(3) N.S. 
14/5/81 ( (28/5/81 139.48.:!:22.04(8) 109.36.:!:39.96(7) N.S. 
(2/7/81 181.60.:!:36.78(8) 156.47.:!:47.76(7) N.S. 
25/6/81 ( (8/7/81 150.88.:!:28.17(7) 133.09.:!:47.73(8) N.S. 
~ 11/8/81 163.26.:!:30.37(7) 153.65.:!:28.08(8) N.S. 
4/8/81 ( 18/8/81 128.52.:!:20.45(9) 174.21.:!:40.88(5) N.S. 
~21/9/81 149.34.:!:23.44(6) 159.77.:!:20.72(9) N.S. 14/9/81 
28/9/81 179.38.:!:17.76(4) 172.14.:!:22.39(11) N.S. 
t3/11/81 136.86~10.33(2) 151.80.:!:12.70(6) N.S. 
26/10/81 
10/11/81 140.67+13.09(4) 
30/11/81 7/12/81 111 • 16.:!:31 • 14( 2) 141.94.:!:36.10(5) N.S. 
22/2/82 1/3/82 132.47.:!:12.29(7) 143.26.;t22.32(8) N.S. 
e 20/4/82 125.87.:!:18.35(5) 123.87.:!:17.70(10) N.S. 
13/4/82 ~22/4/82 121.27=.10.86(8) 120.43.;t10.31(6) N.S. 
3/5/82 12/5/82 117.80+14.54(11) 110.34=.18.94(4) N.S. 
( 2/6/82 130.55.:!:18.94(8) 121.54.:!:25.23(7) N.S. 
26/5/82 ( (9/6/82 99.41.:!:16.51(12) 99.57.;t18.95(3) N.S. 
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TABLE B3 
Muscle Carbohydrate Concentration (mg/g tissue! S.D.) 
Date Date Males Females t-test 
Netted Killed 
( 21/5/81 
14/5/81 ( 
( 28/5/81 0.93!1.12(7) 1.56!0.68(7) . N. S. 
~ 2/7/81 0.52!0.29(7) 0.57!.0.37(7) N.S. 
25/6/81 
(8/7/81 0.35+0.19(7) 0.51!0.28(8) N.S. 
( 11/8/81 0.49!.0.36(7) 0.44!.0.23(8) N.S. 
4/8/81 ( 
( 18/8/81 0.68+0.81(9) 0.39!.0.16(5) N.S. 
~21/9/81 0.44!0.14(5) 0.58+0.13(9) N. S. 
14/9/81 
(28/9/81 0.44+0.11(4) 0.38,:t0.20(11) N.S. 
. ~3/11/81 0.95+0.06(2) 1.56.:t1•04(6) N. So. 26/10/81 
10/11/81 0.52,:t0.24(4) N.S. 
30/11/81 7/12/81 0(2) 0.21,:t0.40(5) N.S. 
22/2/82 1/3/82 0.39,:t0.39(7) 0.27!0.19(8) N.S. 
~20/4/82 0.21,:t0.08(5) 0.48,:t0.48(9) N.S. 
13/4/82 
(22/4/82 0.38+0.72(8) 0.17+0.09(6) N.S. 
3/5/82 12/5/82 O.39,:t0.41(11) 1.89!.2.19(4) N.S. 
. ~ 2/6/82 ° . 1 7.:t0 • 13 ( 8 ) 0.35,:t0.39(7) N.S. 26/5/82 
9/6/82 0.33,:t0.14(12) 0.49+0.14(3) N.S. 
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TABLE B4 
Liver carbohydrate concentration (mg/g tissue = S.D.) 
Date Date Males 'Females t-test 
Netted Killed 
(21/5/81 5.62=5.88(12) 5.41=3.66(3) N.S. 
14/5/81 ( ( 28/5/81 18.29=8.62(8) 17.13=12.04(7) N.S. 
(2/7/81 10.70=11.15(8) 14.15=7.43(7) N.S. 
25/6/81 ( 
(8/7/81 17.37=16.91(5) 14.25=10.34(8) N.S. 
~ 11/8/81 11.43=7.66(7) 8.66=5.42(8) N.S. 
4/8/81 
( 18/8/81 23.64=12.70(9) 10.67=9.44(5) N.S. 
~21/9/81 21.39=7.00(5) 25.18=9. 82( 8) N.S. 
14/9/81 
(28/9/81 10.29+9.34(4) 17.99=10.60(11) N.S. 
.. ~3/11/81 20.78+16.34(2) 19.83=10.69(6) N.S. 
26/10/81 
( 10/11/81 13.62.:!:13.56(4) 
30/11/81 7/12/81 11.45=9.33(2) 10.98=9.25(5) N.S. 
22/2/82 1/3/82 10.52.:!:7.70(7) 6.37.:!:6.28(8) N.S. 
?20/4/82 12.76=11.88(5) 8.65.t6.07(10) N.S. 
13/4/82 (22/4/82 11.79.t6.81(8) 8.26.t6.10(6) N.S. 
3/5/82 12/5/82 6.09=5.00(11) 7.12.:!:5.15(4) N.S. 
(2/6/82 10.02.:!:9.66(8) 17.19+11.02(7) N.S. 
26/5/82 ~9/6/82 22.89.:!:13.12(12) 23.00.:!:18.62(3) N.S. 
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TABLE B5 
Muscle Lipid Concentration (mg/g tissue! S.D.) 
Date Date Males Females t-test 
-
Netted Killed 
~ 11/8/81 0.48+0.37(7) 0.30.:!:'.0.10(8) N.S. 4/8/81 
18/8/81 0.68j:O.58(8) 0.94j:O.56(5) N.S .. 
(21/9/81 0.96!0.55(6) 1.97.:!:2.12(9) N.S. 
14/9/81 ~ 
28/9/81 1.32.:!:0.99(4) 1.95.:!:1.62(11) N.S. 
~3/11/81 0.87.:!:0.16(2) 0.50.:!:0.25(6) N.S. 26/10/81 
10/11/81 3.66!1.74(4) N.S. 
30/11/81 7/12/81 2.78j:4.02(2) 2.71j:1.43(3) N.S. 
22/2/82 1/3/82 0.68.:!:0.37(7) 0.73!0.35(7) N.S. 
~ 20/4/82 1.75+0.34(5) 2.99.:!:0.54(10) N.S. 
13/4/82 (22/4/82 1.17!1.03(8) 0.45.:!:0.16(5) N.S. 
3/5/82 12/5/82 1.98.:!:'.0. 71( 11) 1.94.:t0.36(3) N.S. 
26/5/82 ~2/6/82 (9/6/82 2.23.:t2.37(10) 0.92j:0.55(3) N.S. 
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TABLE B6 
Liver Lipid Concentration (mg/g tissue ~ S.D.) 
Date Date Hales Females t-test 
Netted Killed 
( 11/8/81 1.54~0.68(7) 1.80+0.78(8) N.S. 
4/8/81 ( 
( 18/8/81 2.44~1.37(9) 3.00~2.96(5) N.S. i 21/9/81 1.12+0.82(6) 0.78~1.10(9) N.S. 14/9/81 
28/9/81 3.68~1.32(4) 3.47~1.33(11) N.S. 
(3/11/81 1.13~0.48(2) 1 .49 +0 • 19 ( 6 ) N.S. 
26/1 0/81 ~ 
10/11/81 13.27~3.56(4) 
30/11/81 7/12/81 13.81~7.28(2) 10.82~7.63(4) N.S. 
22/2/82 1/3/82 2.13~O.93(7) 3.91~1.89(8) P<O.05 i 20/4/82 4.24~1.07(4) 3.68~1.09(10) N.S. 13/4/82 
22/4/82 2.67~0.52(8) 3.51~0.74(5) P<0.05 
3/5/82 12/5/82 7.25.:!:3.95(11) 3. 59.:!: 1 • 11 ( 3 ) N.S. 
(2/6/82 
26/5/82 ~ 
9/6/82 3.28.:!:2.27(11) 2.83~1.84(3) N.S • 
. . 
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